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METEOROLOGY 


UDC 551.510.42 


- 


INVESTIGATING PARAMETERS OF SEA SUBMICRON AEROSOLS AND THEIR ROLE IN 
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ATMOSPHERIC PROCESSES 


Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ATMOSFERY I OKEANA in Russian 
Yol 18, No 9, Sep 82 (manuscript received 26 May 81, after revision 21 Oct &1) 
pp 933-943 


ZHULANOV, Yu. V., NEVSKIY, I. A. and PETRYANOV, I. V., Physicochemical 
Scientific Research Institute imeni L. Ya. Karpov 


[Abstract] A study was made of the spectrum of sizes and spatial-temporal 
inhomogeneity of the field of concentrations of marine aerosols, the mechanism 
of formation of marine salt particles, the spectrum of their sizes and it 
transformation in the atmosphere. The role of salt particles as cloud con- 
tensation nuclei is considered. Investigations of the spectrum of sizes of 
icles were made with a laser aerosol spectrometer. This made it possible 
to register particles in the following size ranges: 0.05-0.10, 0.10-0.15, 

5, 0.25-0.35, 0.35-0.50, 0.50-0.75, 0.75-1.0, > 1.0 um in radius. The 
response of the instruments used ensures direct measurements of the concentra- 
tion and dispersion of marine salt particles capable of acting as cloud con- 
densation nuclei with typical supersaturations in clouds < 0.4%. The 
described investigations of the aerosol component were made on the 16th voyage 
of the "Ernst Krenkel'” in the Atlantic Ocean, Black, Mediterranean and 
Baltic Seas. Most measurements were made hourly. All the collected data con- 
firm the importance of marine salt particles in atmospheric processes, cloud 
formation and the scattering of solar radiation. These studies of the field 
of concentrations of marine aerosols in different regions revealed its con- 
siderable horizontal inhomogeneity and relationship to meteorological parame- 
ters. The concentrations of marine aerosols for the most part are in the 
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c in - . . * *. . + 
range 10 -10° cm ~. The maximum in the distribution of marine aerosols by 
sizes falls on particles with a radius 0.05-0.10 um. A study of the mechanism 
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of the formation of marine aerosols indicates a generation of particles pri 
marily with a radius of 0.05-0.15 um. Most of the sulfate submicron particles 
detectable over the ocean are probably formed during the oxidation of SO, in 
primary marine salt particles. This process accounts to a high degree for 

the disappearance of SO, in the atmosphere. The shift in the distribution 
maximum in transforming marine aerosols under conditions of low concentrations 
over the ocean is governed to a lesser degree by coagulation and to a greater 
degree by an increase in the mass of particles due to the oxidation of 

+> 


spheric SO, in them. Figures 5; references 28: 9 Russian, 19 Western. 
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ACOUSTIC RETURN-SLANT ATMOSPHERIC SOUNDING 
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Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ATMOSFERY I OKEANA in Fussian 
Vol 18, No 9, Sep 82 (manuscript received 19 Jan 62) pp 899-90k 


OSTASHEV, V. Ye., Institute of Atmospheric Physics, USSR Academy of Sciences 
Abstract] There are now many experimental methods for determining the verti- 
eal profiles of temperature T and wind velocity v in the lower troposrhere, 
but each of them has significant shortcomings. The author accordingly pro- 
poses a new method for reconstructing the vertical structure of meteorolorical 
elements in the lower part of the troposphere, explained as follows. The 
trajectory of propagation of an acoustic wave in the atmosphere is dependent 
on the T and v profiles. In particular, when there is a temperature inversion 
there can be cases when the acoustic wave radiated by a surface source at 4a 
small angle to the earth's surface, as a result of refractional curvature of 
the trajectory, is incident on the earth's surface. The acoustic wave will 
isually experience scattering on the earth's surface; some of the scattered 
waves, as a result of refraction, may enter the radiation detector. With such 
a formviation of the problem the measured parameter is the time between the 
radiated and received signals. By knowing the dependence t = 1(6,QY%), where 
GY is the azimuth angle of the radiated signal, it is possible to reconstruct 
the temperature and wind velocity profiles. Such a scheme is very similar to 
return-slant sounding of the ionosphere, and therefore it is proposed that 
this method be called return-slant acoustic sounding of the atmosphere. The 
article sives solutions of the direct problem of refraction of acoustic waves 
in a stratified atmosphere and the inverse problem of reconstructing tempera- 
ture and wind velocity on the basis of the time between the radiated and 
received signals. Various considerations are given on the practical feasibil- 
ity of return-slant acoustic sounding. References 5: 3 Russian, 2 Western. 
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AZERBAIJAN SCIENTISTS WORK ON SECOND VOYAGE OF 'VITYAZ'' 


Baku VYSHKA in Russian 29 Dec 82 p 4 


[Article by Ad. Aliyev, lshoratory director, Geology Institute, Azerbaijan 
Academy of Sciences] 


[Text] During recent decades there has been great emphasis on the problem of 
Study of the oceans and seas and exploitation of their riches. Means which are 
commensurable with the expenditures on space exploration are being invested 

by many countries of the world in investigation of the world ocean, occupying 
70% of the earth's entire surface. Serious attention is also being devoted to 
this problem by Soviet scientists -- geologists, geophysicists, geochemists, 
biologists and others. Indeed, the floor of the oceans and seas constitutes 
an almost untouched storehouse of mineral wealth. 


Already for some time scientific specialists of the Geology Institute, Azer- 
baijan Academy of Sciences, have been participating in sea expeditions for 
study of the world ocean. For example, they have traversed the expanses of 
the Pacific, Indian and Atlantic Oceans as participants in multisided expedi- 
tions of the USSR Academy of Sciences aboard the scientific research ships 


ter 


Vityaz'," "Persey," "Akademik Vernadskiy." 


This year scientists of our institute have been participants on the second 
voyage of the scientific research ship "Vityaz'." These include the director 
of the Microfauna and Mesozoic Stratigraphy Laboratory, Khalil Aliyullia, doc- 
tor of geological sciences, and a senior scientific specialist in the Region- 
al Geology Laboratory, Rustam Babayev, candidate of geological and mineralog- 
ical sciences. Over a period of three months they carried out geological in- 
vestigations in the central part of the Atlantic Ocean. 

The "Vityaz'" is a new scientific research ship constructed in Poland. It is 
outfitted with modern navigational instruments, scientific equipment, elec- 
tronic computers, housed in 26 ship laboratories. A special feature of the 
"Vityaz’," in contrast to its predecessors, is the presence of an underwater 
vehicle, with self-contained controls, the "Argus," and an underwatzr complex 
for carrying out diving work using the "Kolokol" pressure chamber. 


The principal organizers and implementers of the expeditionary work were the 
Institute of Oceanology imeni P. P. Shirshov, USSR Academy of Sciences, Physics 
Institute, USSR Academy of Sciences, and Geological Institute, Azerbaijan Acad- 
emy of Sciences. Participating in this specialized hydrological-biological 
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expedition were scientists from Moscow, Leningrad, Baku, Vil'nyus and Gelend- 
zhik, as well as geologists and botanists from East Germany and Czechoslovakia. 
The expeditior was headed by the well-known Soviet professional oceanologist 
A. Aksenov, doctor of geographical sciences, a major investigator of the seas 


einS. 


In accordance with the research program, the expedition participants carried 
out a broad complex of hydrological, biological, geological, physical and 
other investigations of submarine ridges, basins and trenches in the central 
part of the Atlantic Ocean. The investigations were made in five polygons. 
These included the Josephine and Great Meteor Seamounts, North American Basin, 
Blake submarine plateau and Cayman Trench. 


During recent years serious attention has been devoted to investi,ations of 
submarine ridges. Oceanic rises are promising regions for fishing. From the 
geologist's point of view these sectors of the ocean are of great scientific 
and practical interest for study of paleovolcanoes, that is, underwater vol- 
canic activity in the geological past. It is most common to encounter mineral 
deposits precisely in such regions of the oceanic and sea floor. With respect 
to the paleontologists, which include our Azerbaijan specialists of the ex- 
pedition, they are studying not only the geological age of the volcanic form- 
ations, but also the sequence of layers and fauna of the ancient times of the 


Atlantic. 


During the time of the expeditionary work Azerbaijan scientiscs carried out a 
great volume of paleontological and stratigraphic investigations. Work over 
the ship's side was carried out at 12 stations (observation points). 


It must be stated that Rustam Babayev has twice sailed in the Pacific and In- 
dian Oceans. In 1974 he participated in the first tropical coral expedition 
on the scientific research ship of the Far Eastern Scientific Center of the 
USSR Academy of Sciences and in 1979 he was a member of a specialized geolog- 
ical-geophysical expedition aboard the ship "Akademik Vernadskiy." The object 
of his investigations was corals and coral reefs. This time he was concerned 
with investigation of abyssal corals of the Atlantic Ocean. 


Khalil Aliyulla, doctor of geological and mineralogical sciences, for the first 
time is participating in underwater multisided oceanic expeditions. Over the 
course of many years he has been studying fossil microorganisms (foraminifers, 
radiolarians, concholiths, etc.) of ancient geological epochs of Azerbaijan and 
different regions of the Caucasus. The microorganisms which he investigated 
have a distinctly marine and oceanic origin in the tropical and subtrupical 
climatic zone. That is why for his further scientific investigations it was 
necessary for him to obtain similar material from the warm equatorial lati- 
tudes cf the Atlantic. The paleontological finds collected during the time 

of the second voyage of the scientific research ship "Vityaz'" unquestionably 
will enrich the scientific collection of this scientist with the new "modern" 
representatives of microorganisms. An analysis of this material will make pos- 
sible a scientific clarification of some general problems in paleontology, a 
systematization of microfossils, paleoecology, stratigraphy and other aspects 


of the geology of the Caucasus. 











A study of modern abyssal corals gives basis for assuming that their ancestors, 
living hundreds of millions of years ago in the open seas over the modern area 
of the Lesser Caucasus, also were abyssal species and the depths of these seas 
corresponded to bathymetric depths (from 200 to 1000 m) of modern seas, The 
results co,..firm the opinion of sciertists that Azerbaijan at remote geological 
times -- millions of years ago -- was a tropical zone. They will assist in 
study of the problem of reef formation and also will clarify the pattern of 
movement of the earth's crust over our territory. In addition, operating with 
these data it is also possible to solve the problem of determining the strati- 
graphic age of geological formations. And this is very important in carrying 
out geological survey and exploration work fur minerals. 
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[Article by K. Chubakov, head, Northern Sea Route Administration, Ministry of 
the Maritime Fleet, A. Arikaynen, laboratory director, All-Union Scientific 
Research Institute of Systemic Research, State Committee on Science and Tech- 
nology and USSR Academy of Sciences, and M. Shevelev, HSU] 


[Text] The USSR Council of People’s Commissars on 17 December 1932 adopted a 
decree on the organization of the Main Administration of the Northern Sea 
Route (Clavsevmorput') and established the task of "finally laying out a 
Northern Sea Route from the White Sea to Bering Strait, the outfitting of this 
route, maintaining it in proper order and ensuring navigation along this 


route.” 


This governmental decree for our country was in essence the first milepost on 
the path tothe planned and multisided exploitation of the Northern Sea Route 
-- the most important sea communication line of the USSR in the Arctic. 


ake 


Our government, from the first days of Soviet rule, has devoted very close at- 
tention to study of the Arctic Ocean and the development of navigation in the 
Arctic. This was dictated by the need for bringing the earlier backward 
peoples of the Far North into the political, economic and cuitural life of the 
Soviet state. The development of industry in the Asiatic North became econom- 
ically important. The acute problem immediately arose of the organization of 
transportation lines between the western and eastern regions of our far-flung 


country. 


By the beginning of the 1930's some experience had been accumulated in study 
of the nature of the Arctic and exploitation of its seaways. In the western 
sector of the Northern Sea Route each year Kara sea operations were carried 
out at the mouths of the Ob’ and Yenisey, facilitating the strengthening of 
the econonic bonds between Siberia and the European regions of our country and 
Western Europe. In the eastern sector of the Northern Sea Route the Kolyma and 


Len. voyages were carried out. 


In the course of these operations the seamen acquired their first experience 
with icebreaker convoys and independent navigation of ships in Arctic ice. 





The implementation of ice aerial reconnaissance and the preparation of 
meteorological and ice forecasts began; information on the ice regime and 
navigation dangers was generalized. Hydrological and hydrometeorological 
investigations of the Barents and Kara Seas were carried out; a network of 
radio stations appeared in the region of these seas and, most importantly, 
organizational experience was accumulated in the carrying out of major mari- 
time operations under ice navigation conditions. 


It should be emphasized that Kara maritime operations for the first time 
demonstrated the economic importance of the Northern Sea Route for our country 
and precisely for this reason the problems involved in the organization of 
these voyages were solved at a high governmental level: at sessions of the 
Council of Labor and Defense. V. I. Lenin actively participated in the solu- 
tion of some problems. 


In the course of Kara expeditions it became clear that maritime operations 
under complex arctic conditions must be carried out with the participation 

of different specialists -- seamen, communications experts, hydrographers, 
airmen and scientists. This became a distinguishing characteristic of all sub- 
sequent work on exploitation of the Northern Sea Route. 


Prior to the beginning of the 1930's maritime operations in the western and 
eastern sectors of the Northern Sea Route were still carried out independently 
of one another. Practical considerations urgently required the extension of 
the sea route from the western ports of the country to the shores of the Lap- 
tev Sea. This route, passing around the Taymyr Peninsula, was still poorly in- 
vestigated. Precisely for this reason attempts of the schooner "Velukha" to 
penetrate into the Laptev Sea through Vil'kitskiy Strait in 1930 and 1931 were 


unsuccessful. 


In January 1932 the Arctic Institute formulated a plan for through navigation 
along the line of the Northern Sea Route from Arkhangel'’sk to Vladivostok. 

An expeditionary voyage of the icebreaker-steamer "A. Sibiryakov," despite 
complex ice conditions along individual sectors of the line and the ice damage 
sustained, ended successfully and after exactly two months the ship reached 
Bering Strait. This historic voyage demonstrated the possibility of using the 
Northern Sea Route as a transportation route linking the western and eastern 


regions of our country. 


In 1935 it was finally demonstrated that the Northern Sea Route can be used 

as a through summer transportation route: the steamers "Vantsetti" and "Iskra" 
carried out transportation runs from Leningrad to the Far East and the steam- 
ers "Stalingrad" and "“Anadyr'" made similar voyages in the opposite direction. 
The voyage of the steamer "Rabochiy" was of great economic importance; during 
he single navigation season 1935 it made a transportation voyage from Arkh- 
angel'sk to Kolyma and back. This voyage demonstrated the fundamental possib- 
ility of transporting cargo from the European regions of our country into the 
eastern regions of the Soviet Arctic without using the Trans-Siberian Railroad 
line. A group of ships and fishing vessels was convoyed along the Northern Sea 
Route in 1936. 
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However, the work of the Glavsevmorput' in the 1930's involved definite dif- 
ficulties. This is attributable to the fact that in addition to transporta- 
tion functions the Glavsevmorput" had to carry out work on the development of 
industry, trade, exploration and exploitation of natural resources in a wide 
range of the Asiatic North of our country. Such an expansion of functions of 
the Glavsevmorput’ made it difficult to handle its main task -- exploitation 


of the Northern Sea Route. 


In 1938 the GUSMP was freed of those functions unrelated to its main mission. 
From that time its principal task became work on transformation of the North- 
ern Sea Route into a reliably operating transportation route. Scientific re- 
search activity and workon creating a reliable material-technical base were 
directed to the implementation of this task. In 1939 it was provided that the 
Northern Sea Route be developed as an integrated system consisting of a number 
of highly important and inseparably interrelated links: control of the trans- 
portation process, icebreaker fleet, navigational-hydrographic work, sci- 
entific operations work, aerial support and communications. 


During the years of the Great Fatherland War the Northern Sea Route was a 
highly important transportation line in the Soviet North. 


In 1953 the Main Administration of the Northern Sea Route of the USSR Council 
of Ministers was transformed into a main administration of the Ministry of the 
Maritime Fleet. In 1960 the polar aviation under the control of the GUSMP was 
turned over to the Ministry of Civil Aviation. Since 1963 the hydrometeorolog- 
ical support of navigation and aviation in the Arctic has been the responsi- 
bility of the Main Administration of the Hydrometeorological Service of the 
USSR Council of Ministers. In 1964 the GUSMP was abolished and regional func- 
tions were delegated toother administrations of the Ministry of the Maritime 
Fleet. Since that time the direction and coordination of the fleet's opera- 
tions in the Arctic has been the responsibility of the Main Administration of 
Navigation, Ministry of the Maritime Fleet. Beginning in December 1970 these 
functions were delegated to the newly organized Administration of the Northern 
Sea Route (Administratsiya Severnogo Morskogo Puti -— ASMP) under the Ministry 
of the Maritime Fleet. The creation of the ASMP made it possible to monitor 
the planning and implementation of specific scientific and practical measures 
vitally important for development of the Northern Sea Route. 


Icebreaker Fleet 


The icebreaker fleet developed in accordance with practical needs. During the 
1920's our country had the icebreaker-steamers "Yermak" and "Krasin," each 
with a power of about 10 000 HP and the icebreakers "F. Litke" and "Lenin" 
with a power of 7000-7500 HP. The regular use of icebreakers in the convoying 
of cargo ships in the Arctic began in 1929. 


Early in the 1930's the Glavsevmorput' validated the desirability of build- 
ing new Soviet icebreakers. The first Soviet-constructed icebreaker, the "I. 
Stalin,” with a steam power plant of 10 000 HP, was put into operation in 
1938. Three other icebreakers of this type were put into operation during the 


years 1939-1941. 








The experience in theoperationof icebreakers during the first arctic naviga- 
tion seasons revealed that they were highly promising in ensuring the contin- 
uous movement of transport ships. Beginning with the navigation season 1935 
icebreakers have been used in the Arctic in a planned and effective manner: 
with allowance for impending tasks the distribution of icebreakers along the 
entire Northern Sea Route has been determined in advance. The use of ice- 
breakers favored the clear organization of movement of the transportation 
fleet: convoying, discipline during movement of the convoy, a good knowledge 
of the navigation region, implementation of regular ice reconnaissance and 
reliable radio communications. 


A new rise in the wevelopment of the Soviet icebreaker fleet began during the 
postwar period. During the period 1954-1956, the USSR contracted for the con- 
struction of three icebreakers of the "Kapitan Belousov" type with a diesel- 
electric engine with a power of 10 500 HP in Finnish shipyards. Icebreakers 
of this type, having screws at the prow, had performed well in freezing non- 
arctic seas during work in continuous ice, but their operation in arctic ice 
was not entirely successful. 


As a result of aging of steam-powered icebreakers, the cargo volume increase 
in the Arctic and the organization of year-round navigation in freezing non- 
arctic seas, during the period 1960-1969 the USSR contracted with Finland 

for the construction of five diesel-electric icebreakers of the "Moskva" type 
with a power of 26 OOOHP. These icebreakers have performed well in the convoy- 
ing of ships in arctic seas. They operate virtually year-round: after work in 
the Arctic they convoy ships in the Baltic Sea and in the Sea of Okhotsk. 


The world's first nuclear-fuel icebreaker, the atomic-powered "Lenin," with 
an engine power of 44 000 HP, participated in the arctic navigation season 
1960. Its operation indicated that an icebreaker of such a class has a high 
capacity for penetrating the ice and good maneuverability under complex ice 
conditions. The principal merit of atomic icebreakers is their great autonomy 
and this is exceptionally important when navigating in the ice. 


During the 1970's the USSR continued to contract with Finland for the building 
of arctic icebreakers. During 1974-1976 three diesel-electric icebreakers of 
the "Yermak" typewitha power of 41 000 HP were constructed in Finland. The 
"Kapitan Sorokin,” with a diesel-electric engine with a power of 22 000 HP, 
appeared in arctic seas for the first time in the summer navigation season 
1977. This vessel was constructed for the purpose of operations in regions 
with limited depths. In the years which followed three other icebreakers of 
this type were constructed. Icebreakers of the "Yermak" and "Kapitan Sorokin" 
types are being successfully operated both on arctic routes and in freezing 


nonarctic seas. 


A noteworthy event in exploitation of the Northern Sea Route was the construc- 
tion of the atomic-powered "“Arktika"” with a power of 75 000 HP. It has per- 
formed excellently during the convoying of transport ships during both the 
summer and winter arctic navigation seasons. The possibilities of icebreakers 
of this class were demonstrated for the first time in the scientific-practical 
experimental voyage of the atomic-powered "“Arktika" to the north pole in 








August 1977 and then in the high-latitude transarctic convoying of the 
diesel-electric "Kapitan Myshevskiy" by the atomic-powered "Sibir'" in May- 
June 1978. The possibilities for carrying out arctic navigation were sub- 
stantially improved with the construction of the third icebreaker of this 
series -- the "Rossiya" atomic-powered icebreaker. 


Thus, during the years of mastery of the Northern Sea Route there was an un- 
precedented change in the icebreaker fleet of our country. There was an im- 
provement in the maneuvering qualities of the icebreakers, and as was espec- 
ially important, the living conditions became more comfoitable. The icebreak- 
ers have modern motion picture theaters, libraries, classrooms, gymnasia, 
swimming pools, saunas and medical facilities. 


The "icebreaker-ship” transportation-technological system will predominate, 
or at least persist, in the long run. In connection with the need for a grad- 
ual lengthening of the 1avigation season along the entire path of the Northern 
Sea Route, the problem arises of the construction of new icebreakers of a 
large size capable of sailing under more complex ice conditions. 


Ice Navigation Cargo Fleet 


A cargo fleet suitable for ice navigation conditions is an indispensable 
condition for the successful implementation of arctic navigation. The Soviet 
ice navigation cargo fleet is constantly being improved and supplemented. 

It should be mentioned that the fleet in the Arctic in the 1920's consisted 
primarily of old ships not adapted for ice navigation and several steam- 
driven icebreakers, such as the "Malygin,” "A. Sibiryakov,"” "Sadko" and "G. 


Sedov.” 


Already in the 1930's work was carried out for creating a series of transport 
ships specially adapted for Arctic voyages. In 1936 a steam-driven timber- 
carrier of the ice class, of the “Arktika" type, and a freighter of the ice 
class, of the "Volga" type, were constructed. 


The construction of new ships for the Arctic was planned in August 1938. The 
first ice-breaking steamer "S. Dezhnev," was put into operation that same 
year. Ships of the “Anadyr'” and "Igarka" types were constructed during these 


Same years. 


During the 1940's-1950's the basis for the transpor:i fleet sailing in the Arc- 
tic was timber-carriers constructed before the war, as well as vessels of the 
"Andizhan,” "El‘ton" and "Liberty" type. Ships of the ice class of the type 
"Kapitan Gastello,"” "Donbass," "Saltykov-Shchedrin," "Stavropol'" and "Chulyy” 
were put into operation. At the same time ships of a strengthened ice class of 
the types “Dneproges" and “Stanislavskiy" were constructed. An important event 
in the mastery of the Northern Sea Route was the construction in 1954-1957 of 
five ships of a strengthened ice class of the "Lena" type. During the period 
from 1961 through 1972 13 ships of the ULA (strengthened ice class) class of 
the "Amguema" type were constructed for the arctic route. These vessels con- 
stituted the basis for the transport fleet in the Arctic. Supplementing these, 
in the years which followed large series of ships of a strengthened ice class 
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of the types "Volgoles," "Igarkales," "Povenets," "Pioner," "Baskunchak,” 
"Samotlor,"” "Kapitan Panfilov," "Dmitriy Donskoy" and others. The increase 

in power and strength characteristics of the ship hulls made possible a 
gradual increase in the speed of convoys in continuous ice. This circum- 
stance, as well as the increase in the cargo capacity of ships, made possible 
a considerable increase in the freight-handling capacity of the transport 


fleet in the Arctic. 


A further enhancement of effectiveness of arctic transport will be favored 

by promising cargo-carrying ships suitable for navigation in the Arctic of 

the "Noril'sk" type with a dead weight of 15,900 tons, timber-carrying vessels 
of the "Mikhail Strekalovskiy" type, and finally, ships with a dead weight of 
about 25,000 tons, whichintheir parameters will correspond to the character- 
istics of new powerful icebreakers. A factor of great importance will be the 
introduction of a lightering system for transport in the Arctic. Its desirabil- 
ity is dictated by the fact that the delivery of freight to ports and landings 
situated on arctic rivers involves great expenditures. The latter is caused by 
low norms for cargo-handling work at river points and the use of underloaded 


sea ships due to shallow depths. 


A fundamentally new step in servicing inaccessible polar stations will be the 
appearance on arctic routes of a supply ship with a helicopter pad. The desir- 
ability of creation of such a vessel is dictated by the complex ice condi- 
tions and the shallow depths at the approaches to the polar stations, the ab- 
sence of on-shore mechanization and the great expenditures of physical labor 
when unloading cargo in roadsteads. 


The construction of these promising arctic vessels will provide new conte to 
the entire operation of the fleet in the Arctic. 


Arctic Ports 


The very first years of work in the Arctic indicated that the exploitation of 
the Northern Sea Route is impossible without the development of port facilit- 
ies. This problem was raised for the first time in 1922 at an interdepartmen- 
tal arctic conference. Already in 1923 on the Yenisey work was completed on 
construction of Ust'=Port. In 1929 work began on construction of the port of 
Igarka. Early in the 1930's wharves and coal unloading facilities appeared at 
Dudinka, at Dikson, at Tiksi, at Ambarchik and at Provideniya. A governmental 
decree of August 1938 mentioned the acceleration of work on the technical de- 
velopment of arctic ports and an increase in the handling capacity of their 
coal facilities. The port of Pevek was constructed in 1942-1946 and thus al- 
ready by the late 1940's the modern distribution of arctic ports was formed. 
In the years which followed, in accordance with the increase in the volume of 
cargo carried, there was a further expansion of wharves in arctic ports and 
they were outfitted with mechanized facilities with a quite high handling cap- 


acity. 
We feel that ensuring the operation of arctic ports under ice conditions is 


one of the key problems whose resolution governs the possibility and economic 
effectiveness of lengthening of the navigation season on the Northern Sea 
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Route. However, this is one of the least studied problems because during re- 
cent decades the emphasis has been on investigation of the conditions for ice 
navigation on the routes in arctic seas. More attention must be devoted to 
the development of ports so that in the future, with the lengthening of the 
navigation season in the Arctic, it will be possible to avoid economic, tech- 
nical and organizational difficulties. 


Polar Hydrography 


It is difficult to visualizethe Northern Sea Route without navigational-hydro- 
graphic assurance of the safety of navigation. Soviet polar hydrographers have 
transformed the Northern Sa Route. It is fitting to recall that early in the 
1920's navigators inthe Arctic had 18 navigation charts, of which 14 covered 
the Kara Seaand 2 covered the other Soviet arctic seas; there were no sailing 
directions; there was not a single beacon along the route and not one light- 
house; there were only 15 navigational aids along the route. 


Now navigators have at their disposition hundreds of reliable sea charts at 
different scales compiled on the basis of new highly accurate and detailed 
hydrographic studies. Beginning in 1930 the sailing directions for arctic seas 
have been constantly revised and corrected. Navigators are informed well in 
advance concerning any change in navigation conditions. Highly precise radio- 
navigation systems have been established along the route, also serviced by 
automatic radio beacons, radar orientation systems, together ensuring deter- 
mination of ship position under any visibility and weather conditions. 


The hydrographic and piloting fleet can no longer be recognized. In place of 
the antiquated schooners with wooden hulls depth-sounding work is now carried 
out using specially equipped hydrographic vessels of the strengthened ice 
class of the "Dmitriy Ovtsyn" and "Fedor Matisen" types. The hydrographic ice- 
breakers "Petr Pakhtusov" and "Georgiy Sedov" operate under especially com- 
plex ice conditions. Modern hydrographic investigations are based on the use 
of highly precise measurement instruments and the introduction of automation 


of production processes. 


Polar hydrographers are not content with what they have achieved and are con- 
stantly improving their investigations, as is expressed in their intensifica- 
tion, a substantial increase in the quality and reliability of measurements, 
an increase in the effectiveness of use of the results of investigations and 
an acceleration of the processing of materials and map compilation. In the 
Arctic it is particularly important to intensify hydrographic investigations 
because the natural conditions in this region are extremely unfavorable and 
it is necessary to increase the productivity of labor in order to improve 

the operational possibilities of a hydrographic expedition. An important con- 
dition for progress in polar hydrography is a decrease in the cost of both 
hydrographic measurements and work on the navigational outfitting of the route. 


Role of Science 


Navigation in the Arctic was always very closely related to hydrometeorological 
science. Experience has demonstrated that the effectiveness of adoption of de- 
cisions concerning work of the arctic fleet is dependent on a knowledge of the 





current and prognostic information on ice, meteorological and hydrological 
conditions of navigation. As a result of this any practical measure in the 
Arctic, from long-range planning of arctic navigation to the carrying out of 
an individual seaoperation, is carried out with allowance for scientifically 


validated recommendations. 


The scientific basis for their preparation is the results of long-term invest- 
igations by different specialists of the Arctic and Antarctic Scientific Re- 
search Institute. It has now been possible to establish the peculiarities of 
distribution of such characteristics of the ice cover in arctic seas as con- 
tinuity, thickness, degree of destruction, hummocking, fragmentation and com- 
pression. Studies have been made of the processes of melting, growth and dy- 
namics of the ice. Specialists have generalized long-term observations of 
level variations, waves and sea currents in arctic seas. Navigators are very 
familiar with the patterns of distribution in arctic seas of wind direction 
and velocity, fogs, visibility, air temperature and many other meteorolog- 
ical parameters. The results of these investigations have been given in a 
number of scientific-practical aids convenient for practical use. Investiga- 
tions of the ice conditions for navigation and the processes of interaction 
between ships and icebreakers and the ice cover, carried out at the Arctic 
and Antarctic Scientific Research Institute, are of particular importance for 
practical work. 


There is a constant deepening of investigations of thermal and dynamic pro- 
cesses in the ice cover, water layer and atmosphere over extensive expanses 

of arctic seas. This has made it possible to create methods for computing and 
predicting different hydrometeorological characteristics limiting the naviga- 
tion of ships and icebreakers. Each year specialists at the Arctic and Antarc- 
tic Scientific Research Institute compile three long-range ice and meteorolog- 
ical forecasts, which when necessary and possible are made more detailed and 
refined. These forecasts are the initial conditions for compi’ing an arctic 
navigation plan. The operational control of work of the fleet in the Arctic 
rests on ice and meteorological forecasts with an advance time of 3-8 days 

and forecasts of sea level along segments of the route with limiting depths. 
The forecasts prepared by the Arctic and Antarctic Scientific Research Insti- 
tute and the scientific-operational teams at sea operations headquarters for 
the most part correctly orient seamen concerning the anticipated development 


of hydrometeorological processes. 


Taking into account the volume of cargo, which increases with each passing 

year under conditions of constant lengthening of the navigation season in the 
Arctic, the requirements on hydrometeorological forecasts will increase. These 
requirements, in particular, relate to the reliability, greater advance time 
and greater detail of forecasts during the summer. I[t is particularly import- 
ant to activate study of hydrometeorological and ice conditions during winter 
and on this basis to develop corresponding methods for making forecasts for 


different times in advance. 


The basis for any measures in the Arctic was always technical-economic inves- 
tigations of the problems of development of the Northern Sea Route, including 
the peculiarities of distribution of productive forces in the arctic zone, 








the working out of suitable schedules for the handling of freight, optimum 
transport-technological systems, improvement in the organization of operation 
of the fleet, technical operation of the icebreaker fleet, improvement in the 
tactics for ice navigation, etc. This work was successfully carried out by 

the Moscow Division, Arctic and Antarctic Scientific Research Institute, and 
since 1963 by the Soyuzmorniiproyekt and Central Scientific Research Institute 
of the Maritime Fleet. An important event was the creation, in 1974, of the 
Murmansk Affiliate, Central Scientific Research Institute of the Maritime 
Fleet, specializing in study of technical-economic problems of arctic naviga- 


tion. 
Ice Reconnaissance 


Effective navigation in the Arctic without a knowledge of ice conditions along 
the route is impossible. This circumstance was responsible for the organiza- 
tion of ice reconnaissance in arctic seas in the 1920's-1930's. Its regular 
implementation over great expanses became possible due to the use of aviation. 
Precisely by means of aviation our country in a relatively short time was 

able to master navigation in the Arctic. 


Tactical aerial ice reconnaissance is now being carried out for the purpose 
of ensuring the navigation of ships and icebreakers. An important element in 
the system for the collection of information is strategic monthly and 10-day 
ice aerial reconnaissance. An ice map, sent by phototelegraph, either from 
aboard an aircraft, or from a nearby radio center, is a highly important fac- 
tor in the intensification of transportation processes. Equally important is 
helicopter ice prospecting, carried out from aboard an icebreaker. 


The last two decades have been characterized by substantial changes in ice re- 
connaissance methods. In addition to visual aerial reconnaissance, use has 
been made of aircraft with side-scanning radar sets with direct simultaneous 
transmission of the image of ice conditions to an icebreaker. The creation of 
a radar instrument for measuring ice thickness along the aircraft flight line 
was of great importance; this made possible a considerable improvement in the 
quality of determination of the age characteristics of the ice. An important 
means for obtaining ice information at the present time is artificial earth 


satellites. 


A further development of the system for the collection and dissemination of 
ice information will be accomplished with allowance for the need for carrying 
out operations inarctic seas during winter. The regularity of obtaining ice 
information regardless of illumination and weather conditions, as well as its 
routine dissemination tothe user -- these are the principal requirements of 
any future system forcarrying out ice prospecting. 


Evidently these requirements can be ensured with automation of the process of 
collection of ice information and availability of instruments for this purpose. 


Communications 


Arctic communication ensures reliable interaction of all links in the Northern 
Sea Route system. Its development occurred in accordance with the rates of de- 
velopment of other means for the support of arctic navigation. Radio stations 
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at Yugorskiy Shar, at Mare-Sala and Dikson were inherited from czarist Rus- 
sia. In the arctic navigation season of 1920 many ships did not have shipboard 
radio stations and conversations between ships were by flag. Already in the 
1920's-1930's radio stations were constructed at Obdorsk, Ust'-Yeniseysk, 
Dudinka, Novyy Port, Matochkin Shar, on Cape Shalaurov, on Franz-Josef Land, 
on Vrangel' Island, on Cape Zhelaniye and on Cape Chelyuskin. Later the net- 
work of radio stations was constantly expanded. 


Receiving-transmitting radio stations of the State Committee on Hydrometeorol- 
ogy and the Ministry of the Maritime Fleet are now distributed along the 
Northern Sea Route. The technical outfitting of arctic radio centers is being 
constantly improved. Communication with ships and polar stations is ensured 
not only viathe radio channel, but also via telegraphic-telephonic communica- 
tion lines. The transmission and reception of cartographic information over 
considerable distances is ensured regularly and with a good quality. Conversa- 
tions via radiotelephone between the personnel of the Marine Operations Head- 
quarters and the captains of icebreakers have become an ordinary happening. 
However, sometimes the geophysical conditions for the propagation of radio 
waves in the Arctic are unfavorable and this has a negative effect on the 
speed of transmission of radio communications. Taking this into account, as 
well as the further intensification of traffic along the Northern Sea Route, 
the problem of creating space communication facilities in the Arctic is becom- 


ing timely. 
Principal Results and Trends 


Thus, all links in the Northern Sea Route system have been constantly improv- 
ed in dependence on the rates of economic development of che arctic zone of 
our country. A distinguishing characteristic of this process is a constant 
increase in the volumeof arctic cargo, and as a result of this, a gradual in- 
crease in the duration of the arctic navigation season and an intensification 
»f operation of the fleet as a result of an increase in the optimum rate of 
convoying of ships, proper grouping of ships in specific convoys, correspond- 
ing icebreaker support, carrying out of multiple voyages of cargo ships during 
the course of one arctic navigation season, artificial breaking of the shore 
ice in key sectors of the route. Successes in the exploitation of the Northern 
Sea Route became possible due to scientific and technical progress in all links 


of the system. 


An autumn-winter navigation season in the Kara Sea represented a fundamentally 
new stage in theexploitationof the Northern Sea Route. Whereas in the early 
1970's only a few ships participated in the lengthened navigation season, in 
recent years there have been several dozen ships. An important technological 
innovation was the delivery of cargo and its unloading on the ice shelf of the 
western coast of the Yamal Peninsula in March 1976. The creation of such a 
transport-technological scheme made it possible to avoid the difficult sunmer 
roadstead unloading in the shallow-water regions of the coast and accelerate 
considerably the rates of cargo-handling work. 


The use of the "Kapitan Sorokin" icebreaker on the Yenisey made it possible 
to carry out experimental winter transport work at Dudinka in April-May 1978 
during which a variety of problems related to the implementation of the 
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winter navigation season in the Arctic were worked out. Such experience is 
constantly being accumulated and studied. 


The tasks defined by the resolutions of the 26th CPSU Congress are spurring 
all the participants in the technological process of convoying of transport 
ships under ice conditions to a gradual expansion of winter operations in 
the western region of the Soviet Arctic. The task is exceptionally complex. 
The conditions for its successful realization are the balanced development 
of all the links in the Northern Sea Route system, fundamental and practical 
investigations of the problems involved in winter arctic navigation with the 
gradual implementation of experimental voyages along key segments of the 
arctic route. 


New technology is being created for the successful solution of these problems. 
However, even the most modern technology will be of no avail without people. 
Accordingly, the principal link in solution of transportation problems is and 
will remain people -- polar seamen. They assiduously hand down the experience 
of ice voyages, accumulated over long years, to young specialists. This is 

i guarantee of present and future successes. 


COPYRIGHT: ''MORSKOY FLOT", 1982 
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SIX DECADES OF OCEAN RESEARCH 
Moscow ZEMLYA I VSELENNAYA in Russian No 6, Nov-Dec 82 pp 25-31 


[Article by A. S. Monin, corresponding member, USSR Academy of Sciences, and 
K. N. Fedorov, doctor of physical and mathematical sciences] 


[Text] On 10 March 1921 V. I. Lenin signed a decree of the Council of People's 
Commissars on the organization of the "Floating Sea Institute" (Plavmornin) 
and the first sea expeditions of this institute, first on the icebreaker 
"Malygin" and then on the first Soviet research ship "Persey." This date also 
became the birthday of Soviet oceanology. 


kkkkek 


The modern science of the ocean is one of the leading branches of the earth 
sciences which has gone completely beyond the limits of the descriptive 
Stage and is now supported bj the latest methods of the precise sciences. 
Today's oceanology has at its disposal ships which can operate over great 
distances, underwater self-contained and towed vehicles, artificial earth 
Satellites, powerful electronic measurement gear, optical and acoustic re- 
search tools. 


To be sure, as in any rapidly developing field of human activity, oceanology 
has its difficulties, but the path which it has traveled from the heroic 
beginnings of the tiny “Persey" to the present major oceanic expeditions 
with the participation of many ships (in many cases from different countries) 
and with the use of artificial earth satellites is truly astonishing. The ex- 
perience of the Soviet Union can serve as an example for many developing 
countries which have recently become independent. They, like the Soviet 

Union 60 years ago, must for many years ahead plan their active participa- 
tion in exploitation of the wealth of the world ocean. 


The progress of Soviet oceanology during these decades has not been uniform 
in all directions. In order to confirm this it is sufficient to turn the 
pages of No 5 of the journal OKEANOLOGIYA (Oceanology) for 1967 which con- 
tains articles by leading oceanologists who summarized the results of Soviet 
investigations of the ocean during the preceding 50 years. After comparing 
them with the present status of science, one cannot but see that during the 
last 15 years the rates of development have been particularly great in such 











fields as ocean hydrophysics, study of its synoptic variability and the dy- 
namics of sea currents, numerical modeling in dynamic oceanology and marine 
biology, laboratory experiments in the field of geophysical hydrodynamics, 
recent geotectonics, investigations of ocean climate and paleooceanology. 
But, to be sure, the basis for these qualitative jumps was the slow accumul- 
ation of fundamental scientific results in the preceding years. 


It is noteworthy that the school of "Persey" scientists, training such re- 
markable investigators as Academicians A. P. Vinogradov, L. A. Zenkevich, 

V. V. Shuleykin and Ye. M. Kreps, Corresponding Member USSR Academy of Sci- 
ences V. G. Bogorov, Professors I. I. Mesyatsev, N. N. Zubov, A. D. Dobro- 
vol'skiy, S. V. Bruyevich, M. P. Klenova, V. B. Shtokman and many others, 
brirging fame ty» Soviet science, immediately set as their goal a fundamental 
approach to study of the world ocean in the entire complex of scientific dis- 
ciplines. Physics, chemistry, biology and marine geology received a power- 
ful impulse in their development from the very first voyages of the "Persey," 
"Malygina,” "Sibiryakova," "Sadko" in our northern seas. 


Investigations of the ocean came to be characterized by the formation of crea- 
tive groups of scientists, coming together for solution of various problems 

of importance to the national economy. For example, the Institute for Study 

of the North, established in 1925, by 1930 had developed into the All-Union 
Arctic Institute, and by1958it had already become the Arctic and Antarctic 
Scientific Research Institute (AANII). The Plavmornin in 1929 was transform- 
ed into the State Oceanographic Institute -- the first GOIN, during its short 
lifetime playing an important role in the formation of Soviet oceanology. The 
All-Union Scientific Research Institute of Fishing and Oceanography (VNIRO), 
established in 1933, can be regarded as the "heir" of the Plavmornin; since 
that time it has been transformed into the leading institute in the field of 
fishing oceanology and has divisions in the different seas washing the shores 
of our country. The present-day State Oceanographic Institute (GOIN) has been 
in operation since 1943; its work has greatly facilitated the improvement of 
the weather forecasting service. In 1929 the Marine Hydrophysical Station was 
established; in 1948 it was transformed into the Marine Hydrophysical Inst- 
itute, USSR Academy of Sciences (in 1963 it was moved from Moscow to Sevast- 
opol’ and became part of the Ukrainian Academy of Sciences). The Oceanology 
Laboratory, USSR Academy of Sciences, in 1946 was transformed into the Inst- 
itute of Oceanology, which in 1967 was assigned the name of its first director 
-- the well-known oceanologist P. P. Shirshov. The institute, which now has 
2000 specialists, rightfully has been the leader of multisided investiga- 
tions of the oceanin our country and acquired world fame as one of the leading 
oceanological institutes of the world. 


Communications in newspapers on distant expeditionary voyages of our sci- 


entific research ships have long been customary. From the tiny heroic 
"Persey" of the 1920's, after the 62 scientific voyages of the flagship of 
the Soviet oceanographic fleet, the "Vityaz'," which over the course of 30 
years ran 750,000 miles), the flag was passed to the scientific research 


ship of the USSR Academy of Sciences, the "Akademik Kurchatov," during a 








period of 16 years making 34 acientific voyages, and finally, the most 
modern of the Soviet "floating institutes" -- the "Akademik Mstislav Kel- 
dysh." The scientific fleet of the Soviet Union now has many tens of sci- 


entific research ships, 


There was a remarkable evolution of the very approach to the organization of 
expeditionary work which has been clearly manifested during the last 30 years. 
It has been associated with the changeover from the descriptive-reconnaissance 
("geographic") stage to the analytical stage, whose center of gravity came to 
be a study of the complex nature of processes and phenomena. In other words, 
oceanography in the first haif of the century was in need of multisided ex- 
peditions of the survey-reconnaissance type, whereas oceanology -- a sci- 
ence of the end of our century -- required purposeful specialized expedi- 
tions, including the elements of an experiment in the ocean itself. The 
principle of multisided studies, initially being interpreted as the need to 
combine on each expeditionary voyage observations, measurement and collec- 
tion of datainthe full range of oceanographic disciplines, came to be under- 
stood as a preplanned organic combination of investigations only of those 
problems which are necessary for solution of different specific problems. For 
example, purposeful sea and biological expeditions now include hydrophysical 
and hydrochemical work only to the degree that it is necessary for solving 
the formulated biological problems. Ever-increasing importance is now being 
given to the correlation between in situ observations and theory. That is 
why, while broadening the capabilities of the expeditionary fleet, Soviet 
oceanologists are not forgetting the broadening of theoretical, model and 
experimental investigations in the ocean. 


A graphic example of such an approach is the hydrophysical experiment "Poli- 
gon-70," carried out in the tropical Atlantic in 1970 by the personnel of 
several institutes and departments headed by the Institute of Oceanology imeni 
P. P, Shirshov, USSR Academy of Sciences (ZEMLYA I VSELENNAYA, No 3, pp 6-13, 
1971 -- Editor). Here we can also mention an underwater expedition for 

study of the Red Sea rift, organized in 1980 by the Institute of Oceanology 
imeni P. P. Shirshov, USSR Academy of Sciences (ZEMLYA I VSELENNAYA, No 5, pp 
57-59, 1980 -- Editor). The results of the Soviet "Poligon-70" expedition 

later stimulated the carrying out of the Soviet-American expedition "POLYMODE" 
for studving the physical nature and characteristics of synoptic eddies in 

the ocean (ZEMLYA I VSELENNAYA, No 2, pp 65-67, 1977 -- Editor). 


There is not a single scientific field which can be developed successfully 
without means for the exchange of information and especially without per- 
iodic publications. Specialized periodicals are regularly publishing articles 
devoted to investigation of the ocean and several publishing houses issue 
Russian and translated literature in the field of oceanology. During the last 
60 years Soviet scientis*s have published such fundamental works in the field 
of oceanology as FIZIKA MORYA (Marine Physics), by V. V. Shuleykin, the two- 
volume MORSKOY ATLAS (Marine Atlas), the 10-volume monograph TIKHIY OKEAN 
(Pacific Ocean) (to a considerable degree based on the results of voyages 

of the "Vityaz'"), AKUSTIKA OKEANA (Ocean Acoustics), the three-volume ATLAS 
OKEANOV (Atlas of the Oceans) and the 10-volume monograph OKEANOLOGIYA (Ocean- 
ology), written during recent years by a group of specialists at the Institute 





of Oceanology imeni P. P. Shirshov, USSR Academy of Sciences. Soviet sci- 
entists have written books representing the world's first publication of 
the results of investigations in completely new scientific directions. Ex- 
amples are the monographs POGONOFORA (Pogonophora), by A. I. Ivanov, awarded 
the Lenin Prize in 1961, IZMENCHIVOST' MIROVOGO OKEANA (Variability of the 
World Ocean), by A. S. Monin, V. M. Kamenkovich and V. G. Kort, TONKAYA 
TERMOKHALINNAYA STRUKTURA VOD OKEANA (Fine Thermohaline Structure of Ocean 
Waters), by K. N. Fedorov. Many of these books have been published by lead- 
ing foreign publishing houses. Soviet oceanologists are active participants 
and frequent organizers of many international symposia and conferences on 
different problems in study of the ocean. 


The school of Soviet marine biology, forming its traditions with the works 

of N. M. Knipovich and K. M. Deryugin and closely associated with fishing 
oceanography, is widely known throughout the world. The outstanding Soviet 
biologist L. A. Zenkevich, whose scientific interests were concentrated in 
the field of fauna in the abyssal parts of the ocean, was an adherent of an 
integrated approach to theentire animal world of the ocean. It was based on 
the science of the biosphere which made it possible to raise the question of 
the biological structure of the world ocean and in turn made it possible to 
combine quantitative methods in marine biology with the zoogeographic ap- 
proach. V. G. Bogorov, Z. I. Filatov, V. A. Yashnov, B. P. Manteyfel’ and 
many others worked productively in this field of oceanology for many long 
years. The major work of L. A. Zenkevich entitled BIOLOGIYA MOREY SSSR 
(Biology of Seas of the USSR) was the most popular book of several genera- 
tions of marine biologists. While actively working in the field of investi- 
gation of plankton and biological productivity of the ocean as a whole, V. G. 
Bogorov trained a large group of scientists. Now, under the direction of 

M. Ye. Vinogradov, they are successfully continuing investigations of pri- 
mary biological production, photosynthesis and the primary links of the 

food chain in the ocean. 


The works of T. S. Rass, G. V. Nikol'skiy and N. V. Parin have won deserved 
recognition in the field of ichthyology. The works of T. S. Rass were de- 
voted to investigation of the fish resources of the seas washing the shores 
of the USSR and the possibilities of supplementing these resources by the 
acclimatization of fish species. In the Soviet Union during recent years, 
under the direction of M. Ye. Vinogradov and V. V. Menshutkin, there has 
been successful development of investigation of the ecosystems of zones of 
upwelling and frontal zones in the world ocean. 


The development of physical oceanology in the Soviet Union in the early vears 
was closely associated with the investigations of N. N. Zubov, Vs. A. Berez- 
kin, V. V. Shuleykin, V. B. Shtokman. Their works laid the scientific basis 
on which specialized directions in physical investigations of the ocean -- 
thermodynamic, hydrodynamic, acoustic, optical, etc. -=- then began to de- 
velop. Investigations of currents and mixing in the ocean on the basis of 

a rigorous physical and hydrodynamic theory did much to facilitate the stud- 
ies of V. B. Shtokman, which are now becoming classic, such as "Theory of 
Equatorial Countercurrents in the Ocean" or "Determination of Stationary Cur- 
rents and Fields of Masses Caused by the Wind in a Baroclinic Sea." The 
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modern school of marine dynamics, developing at the Institute of Oceanology 
imeni P. P. Shirshov, USSR Academy of Sciences, is widely known abroad. Plac- 
ing fundamental problems of the dynamics of general circulation of the ocean 
at the center of attention, since the mid-1960's this school has begun to 
specialize in investigation of marine turbulence, internal waves and inter- 
action between the ocean and the atmosphere and since the early 1970's -- in 
study of the microstructure and fine thermohaline structure of waters, inves- 
tigation of ocean fronts and synoptic eddies. 


Among the students of V. V. Shtokman successfully continuing research work at 
the present time in the field of dynamics and thermodynamics of ocean waters 
we should mention such well-known scientists as R. V. Ozmidov, V. M. Kamen- 
kovich, L. M. Fomin, K. N. Fedorov. Professor N. N. Zubov, who for about 10 
years headed the State Oceanographic Institute and for many years taught at 
Moscow State University, created a whole school of researchers who contin- 
ued work on study of the thermodynamic characteristics of sea water. A study 
of sea ice initiated by N. N. Zubov as early as the 1930's was successfully 
continued at the Arctic and Antarctic Scientific Research Institute. Physical 
geography and climatology have successfully developed parallel with theoret- 
ical hydrophysical investigations due to the works of A. D. Dobrovol'skiy, 

V. G. Kort, V. A. Burkov, V. N. Stepanov, and others. 


There are specific directions in physical oceanology in which significant suc- 
cesses have also been attained in recent years: turbulence and microstructure 
in the ocean (A. S. Monin, R. V. Ozmidov, V. S. Belyayev, V. T. Paka), sur- 
face waves (V. V. Shuleykin, Yu. M. Krylov, I. N. Davidan, V. Ye. Zakharov); 
internal waves (Yu. Z. Miropol'skiy, K. D. Sabinin, Ye. N. Pelinovskiy); long 
waves and tsunamis (L. N. Sretenskiy, S. S. Voyt, S. L. Solov'yev); tides 

(L. N. Sretenskiy, K. D. Tiron, B. A. Kagan); numerical modeling of general 
circulation in the ocean (A. S. Sarkisyan; D. G. Seidov, D. V. Chalikov); 
investigation of synoptic eddies (A. S. Monin, L. M. Brekhovskikh, V. M. Kam- 
enkovich, V. G. Kort, M. N. Koslyakov); fine thermohaline structure of hydro- 
physical fields in the ocean (K. N. Fedorov, A. S. Monin, G. I. Barenblatt); 
investigations of the ocean by aerospace methods (B. A. Nelepo, K. N. Fedor- 


ov). 


Specialization in the field of physical oceanology continues to deepen. Today 
even extremely specialized physical results rapidly find application in re- 
lated branches of oceanology and in solving different practical problems. 
However, more instructive in the progress of physical oceanology is not the 
growing specialization, but a completely new point of view on the organiza- 
tion of physical measurements in the ocean. The new, so-called “polygon” or- 
ganization of measurements is very closely associated with the concept of 
purposefulness of expeditionary work in the ocean, as already mentioned. In 
this case "polygon" meansa specially selected region or sector in the ocean 
where a well-devised complex of physical measurements of a definite duration, 
directed to solution of preformulated problems, is organized. In the case of 
polygon measurements there can be a correction of the scientific program on 
the basis of aspeedy analysis of the arriving information, and this imparts 
an experimental and more flexible character to physical measurements in the 


ocean. 








Marine optics and hydroacoustics proceeded along independent paths of de- 
velopment during the six decades. Naturally related to physical oceanology, 
these directions nevertheless experienced a strong influence from different 
practical spheres and therefore they developed particularly intensively 
around practical problems. Investigations of the optical properties of sea 
water and the laws of light propagation in the ocean, initiated by V. V. 
Shuleykin, were then developed extensively by M. V. Kozlyaninov, G. G. Neuy- 
min, K. S. Shifrin, A. P. Ivanov. During recent years there has been in- 
tensive development of investigations of photoluminescence (G. S. Karabashev) 
and bioluminescence (I. I. Gitel'zon), who discovered new possibilities for 
solving physical and biological problems in oceanology. 


Investigations of the propagation, scattering and absorption of sound in 

the ocean medium against a background of natural noise of the ocean from the 
very beginning were headed by L. M. Brekhovskikh. Already in 1949 he discov- 
ered the property of superdistant sound propagation in an “underwater sound 
channel," formed by the specific distribution of temperature and salinity 

in the ocean. In 1953 the Acoustics Institute was established in the USSR. At 
the Acoustics Institute (AKIN) these investigations were concentrated around 
practical problems. An important stimulus for these investigations was ob- 
tained in 1961 after the commissioning of two specialized acoustic ships -- 
the twins "Sergey Vavilov" and "Petr Lebedev." In 1976 a group of special- 
ists at the Acoustics Institute, headed by L. M. Brekhovskikh, was awarded 
the USSR State Prize for the monograph AKUSTIKA OKEANA (Ocean Acoustics). 
Among the recipients of the USSR State Prize are such well-known specialists 
in the field of hydroacoustics as Yu. P. Lysanov, I. B. Andreyev, R. F. 
Shvachko, Yu. Yu. Zhitkovskiy. 


Geological and geophysical investigations at sea began to develop rapidly in 
Soviet times. The first ideas concerning bottom relief and types of bottom 
sediments (for the most part for the Black Sea) were already formed prior 

to the Great Fatherland War in the works of N. I. Andrusov, A. D. Arkhangel'- 
skiy, N. M. Strakhov. In the Barents, Kara and other northern seas a study of 
bottom sediments was initiated at that time on the expeditions of the "Per- 
sey" under the direction of Ya. V. Samoylov. The Hakkel and Lomonosov Ridges 
were discovered in the Arctic Ocean. 

The postwar development of marine geological investigations is associated 
primarily with the regular voyages of the "Vityaz'" -- first in the Far 
Eastern marginal seas, and after 1957 -- in the open ocean. In the Pacific, 
Indian and Atlantic Oceans (including Antarctic regions) it was possible to 
investigate many large bottom relief forms -- underwater ridges, mountains, 
trenches, faults. Geomorphological and tectonic maps of the oceans were com- 
piled; the thickness and physical parameters of the sedimentary stratum and 
the ocean crust were studied in different tectonic regions; the distribution 
of geophysical fields in the Pacific Ocean was plotted on a map; the deep 
geology of the Caspian, Black and Mediterranean Seas was investigated in 


detail . 


During recent years much work has been done on problems relating to processes 
of sedimentation, distribution of types of sediments and sedimentary forma- 
tions, rates of sedimentation, lithology and geochemistry of the sedimentary 


22 





stratum (P. L. Bezrukov, A, P. Lisitsyn, and others; a study has been made 

of the stratigraphy of Cenozoic ocean deposits on the basis of diatomaceous 
algae (A. P. Zhuze, foraminifera (Kh. M. Saidova, V. A. Krasheninnikov); de- 
terminations of radiochronological and paleomagnetic ages were made; geochem- 
ical investigations have been made on a broad scale. Investigations laying 
the basis of modern knowledge concerning oceanic ferromanganese nodules 

(P. L. Bezrukov and G. N. Baturin) have assumed great practical importance, 
as is true also of investigations of the petroleum and gas content of Soviet 
seas (Ya. P. Malovitskiy and A. A. Geodekyan) carried out in recent years. 


A considerable success of Soviet marine geologists and geophysicists during 
the last 10-15 years has been their active participation in the development 
of the modern scientific theory of structure and evolution of the earth, 
known as the tectonics of lithospheric plates. According to this theory, the 
earth's lithosphere is broken down into plates moving along the surface of 
the planet at the rate of several centimeters per year. During the geological 
history of the earth, which occupied hundreds of millions of years, such 
movements can attain thousands of kilometers. This phenomenon, in partic- 
ular, explains the slow drift of the continents, leading, for example, to 
the drifting of the American continent away from Europe and Africa, to the 
expansion of the Indian Ocean and contraction of the Pacific Ocean (ZEMLYA 


I VSELENNAYA, No 5, pp 20-27, 1974 -- Editor). 


Soviet scientists have done much for the development of this fertile concept. 
It is sufficient to mention the names of A. V. Peyve, 0. G. Sorokhtin, P. N. 
Kropotkin, R. M. Demenitskaya, L. P. Zonenshayn, A. P. Lisitsyn and S. A. 
Ushakov. Continuing the ideas of O. Yu. Shmidt, a group consisting of A. S. 
Monin, 0. G. Sorokhtin and V. P. Keondzhyan developed a theory of the evo- 
lution of the earth's deep layers explaining the mechanism of the tectonics 
of lithospheric plates. At the Institute of Oceanology, USSR Academy of Sci- 
ences, specialists for the first time developed and in 1973 published a 
model of structure of oceanic lithospheric plates now adopted throughout the 
world. On its basis it was possible to explain the reason for formation and 
configuration of the mid-oceanic ridges and to construct maps of the thick- 
ness of lithospheric plates under all the oceans (ZEMLYA I VSELENNAYA, No 4, 
pp 38-41, 1980 -- Editor). Investigation of the Red Sea rift zone by means 
of submergible vehicles, undertaken in 1980 by scientists of the Institute 
of Oceanology, yielded much interesting evidence of spreading of the ocean 
floor. This served as excellent confirmation of the developed theory. 


Investigations in the field of chemistry of the seas and oceans began to be 
carried out systematically in the USSR beginning with the first Plavmornin 
expeditions. Several directions were pursued in these investigations: chem- 
ical structure of waters of the world ocean (S. V. Bruyevich, 0. A. Alekin); 
chemistry of biogenous elements (V. N. Ivanenkov); chemistry of bottom de- 
posits (N. M. Strakhov, E. A. Ostroumov, I. I. Volkov); chemistry of water 
contaminations (A. I. Simonov, M. P. Nesterova); chemistry of carbon and 
organic substances in sea water (B, A. Skopintsev, Ye. A. Romankevich, 0. K. 
Bordovskiy); extraction of valuable elements from sea water (P. D. Novikov). 
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Fig. 1. Work on sea expeditions: at top -- lowering of automatic buoy sta- 
tion from aboard "“Akademik Kurchatov" (hydrodynamic experiment "Poligon-70" 
in tropical Atlantic in 1970); bottom left -- lowering of 150-liter biolog- 
ical bathometer; bottom right -- hydrophysical probe-bathometer (34th voyage 
of "Akademik Kurchatov" in January 1982). Photograph bv K. N. Fedorov. 
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One of the most productive concepts of marine hydrochemistry is the concept 

of chemical structure and the principles of chemical-oceanographic re- 
gionalization based on this concept. Specialists of the Institute of Ocean- 
ology, USSR Academy of Sciences, have carried out work on the chemical- 
oceanographic regionalization of the world ocean in area and in depth and 
have constructed hydrochemical maps for 10 horizons from 0 to 5000 m. For ex- 
ample: for oxygen, nitrates, phosphates, silicon. 


The experience of the 60-years of development of oceanology in the USSR demon- 
strated that such a complex object of investigation as the world ocean re- 
quires not only diversified knowledge from scientists, but also many spe- 
cific skilis. Among these the most important are the skills of seaman and 
expeditionary worker. One feature is characteristic of outstanding Soviet 
ocean specialists. This is the ability to see the world ocean as an integral 
whole, as a complex natural object in which all the natural internal process- 
es and external effects on it are closely related to one another. A valuable 
quality of the oceanologist is also the ability to unravel this intertwining 
of interrelationships and mutual interdependences and finding precisely those 
links which promise a substantial advance immediately in several directions. 
Many Soviet oceanologists today have all these qualities and are successfully 
passing them on to the young generation of researchers. 


Today's successes of Soviet oceanology contain the seeds of future progress. 
In the future as well Soviet scientists will develop scientific investiga- 
tions of the ocean, as before basing their work on a profound understanding of 
the inseparable relationship between various processes transpiring in the hy- 
drosphere and their active interaction with atmospheric processes. Much atten- 
tion must be devoted to the results of human activity -- different anthropo- 
genic changes occurring in the ocean medium. To an ever-increasing degree the 
investigations of the ocean will be directed to solution of problems determin- 
ed by practical needs, such as the need for ensuring safe navigation, broaden- 
ing the fishing industry in the open oceai and developing aquaculture in coast- 
al waters, developing underwater deposits of petroleum, gas and other minerals 
(for example, manganese nodules), etc. Our administrative agencies rightfully 
expect from professional oceanologists answers to the auestion of what must be 
done in order for the ocean to remain pure, despite its intensive industrial 
use; what must be done in order that the food resources the ocean not only 
be used by mankind, but also be renewed on a scientifi: sis in a proportion 
corresponding to the increase in consumption; what must be done, finally, in 
order to be able to make a scientific prediction of climate change, and even 
more, prevent their harmful consequences for agriculture, industry and trans- 
portation. Soviet oceanologists even now are actively participating in the 
solution of these and many other problems brought to the forefront by the 
national economy. 


COPYRIGHT: Izdatel'stvo "Nauka" "Zemlya i Vselennaya", 1982 
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FIRST VOYAGE OF THE NEW 'VITYAZ'' 
Moscow ZEMLYA I VSELENNAYA in Russian No 6, Nov-Dec 82 pp 60-64 
[Article by V. S. Yastrebov, doctor of technical sciences] 


[Text] The national flag was raised on the new scientific research ship of 
the USSR Academy of Sciences, the "Vityaz'," in December 1981 (ZEMLYA I 
VSELENNAYA, No 3, p 42, 1982 -- Editor). This indeed is the fourth genera- 
tion of the "Vityaz'" ships (the famed explorer N. N. Miklukho-Maklay sailed 
on the first, the Russian scientist and admiral S. 0. Makarov sailed on the 
second, and the third, after its 30 years of service was recently set at 
permanent anchor at Kaliningrad (ZEMLYA I VSELENNAYA, No 4, pp 58-62, 1980 
-- Editor). The new scientific ship, constructed for the Institute of Ocean- 
ology, USSR Academy of Sciences,and outfitted with research winches with a 
hydraulic drive and other modern special equipment and apparatus, a computa- 
tion center and different laboratories, is intended for carrying out multisided 


work in the ocean. 


On 25 January 1982 the "Vityaz'" left Kaliningrad and headed for the Atlantic. 
This first voyage was essentially of a shakedown character during which spec- 
ialists tested the latest apparatus for work at sea. Using this apparatus it 
was proposed that a detailed geological-geomorphological investigation be 
made of the shelf zone of Cyprus in the Mediterranean Sea and Ampere Seamount 
in the Atlantic. Scientists of the Institute of Oceanology, USSR Academy of 
Sciences, and several specialists of the Institute of Marine Research and 
Oceanology, Bulgarian Academy of Sciences, participated in the expedition. 


A special feature of the technical outfitting of the new "Vityaz'" is an 
abyssal diving complex which enables divers to submerge to 250 m. It is sit- 
uated in the ship's prow and includes a hyperbaric chamber with three sec- 
tions for divers, a diving bell for their transport to deep layers, a life 
support system and rooms for the storage of cylinders with helium, oxygen, 
nitrogen and breathing mixture. Also aboard were the manned underwater 
vehicle "Argus" with a “working depth" of 600 m and the towed vehicle "Zvuk- 
4," which can carry out an acoustic survey and photographic survey of great 
areas of the bottom at a depth as great as 4000 m, 


Work Near Cyprus 


The choice of the polygons for carrying out underwater investigations was 
dictated by the scientific interests of the expedition. The island of Cy- 
prus in geological respects is a unique region on the earth. Its central 
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part is the Troodos mountain complex, one of the rare places where it is pos- 
sible to observe surface outcrops of ophiolites, These rocks, relicts of the 
ancient oceanic crust, were already formed in the Mesozoic in the process of 
development of the ancient ocean Thetis. The Mediterranean Sea developed 
later with the convergence of the African and Eurasian lithospheric plates 

in the area of Thetis. The Thetis ocean area was for the most part annihil- 
ated, with retention of only a small part of it, including the Troodos com- 


plex. 





New scientific research ship belonging to the fourth generation of vessels as- 
signed the name "Vityaz'". 


This complex is evidently a remnant of an ancient rift zone, as is indicated 
by the numerous dikes which are encountered at great distances from the conm- 
plex. Paleomagnetic data indicate that the axis of the spreading of the bot- 
tom was initially situated here to the north and the dikes were oriented in 
a sublatitudinal direction; later Troodos was turned by 90°. According to the 
opinion which now prevails, the Troodos ophiolitic complex is a plate of the 
oceanic crust with a thickness of about 11 km which advanced on the African 
plate. However, there is also another opinion: Troodos, being an ancient zone 








of spreading, always belonged to the rift zone and did not change its position 
relative to it. 
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Track of voyage. 


Surface geological and geophysical investigations of Cyprus have been made in 
exceptional detail in the past. However, the shelf and abyssal parts of this 
region have been studied very poorly. For example, it has been unknown how 
the complex continues underwater and whether its initial position relative 

to the ancient rift zone remains constant. 


The expedition on the "Vityaz'" carried out a detailed geological investiga- 
tion of the western and northwestern parts of the island shelf. As a result 
it was found that it is most probable that the Troodos complex goes under 
water in the northwestern part of the shelf where the ophiolitic complex ap- 
proaches directly to the shore and the mountain complex is divided. The ex- 
pedition concentrated its geomorphological investigations in the shelf zone 
of Khrysokhou Bay, at Cape Akamas. In this polygon specialists carried out 
echo sounding measurements making it possible to construct a refined map of 
bottom relief. In areas of the surmised underwater extension of the Troodos 
complex and the outcropping of bedrock specialists carried out towing of 

the underwater telecontrolled vehicle "Zvuk-4," by means of which it was 
possible to obtain images from a two-directional side-scanning sonar and 
acoustic profilograph and on the basis of these clarify the structure of the 
sedimentary bottom cover. Interpretation of the records indicated that 

on the outer (western) side of Cape Akamas and on its inner side the Troodos 
complex continues underwater and in some places the bedrock emerges at the 


bottom surface. 
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"Argus" underwater vehicle and its lowering into water (bottom). 
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"Argus" Dives 


In the course of the expedition a region was selected where it was feasible 
to continue detailed investigations of the bottom from the "Argus" underwater 
vehicle. By the beginning of the voyage the "Argus" underwater vehicle had 
made a total of 150 dives in the Black Sea. Its crew of three persons made 
many scientific investigations, studying biological and geological problems, 
improving the method for apjiying the apparatus. A number of dives were made 
at the limiting depth for the "Argus" -- 600 meters. And now it was time for 
the first dives of the underwater vehicle from aboard the scientific re- 


search ship "Vityaz'." 


Three times the "Argus" made dives on the eastern side of Cape Akamas where 
there are passages within Khrysokhou Bay, and four more times on the western 
side of the cape. 


Investigations of the eastern part of the cape from the "Argus" were made by 
three observers. The tracks were laid out in such a way that it was possible 
to make a detailed investigation of the nature of the underwater ridges at a 
depth of 450 and 100 m and seek outcrops of bedrock while moving along the 
axis of the ridge. As a result, in the studied region it was possible to dis- 
cover two underwater ridges with a meridional strike covered with a layer of 
sediment. But evidences of the outcropping of bedrocks at the surface were 


not discovered. 


Four observers made detailed geomorphological investigations in the western 
part of Cape Akamas. Here aridge extending farther from the shore crossed 

the track of the "Argus." In addition, the observers discovered an under- 
water terrace with exposures of bedrock with a height from 5 to 8 m. The 
terrace extends along the shore at a depth of 150-160 m. The relief of the 
investigated ridges is variable: in the abyssal part there are sectors with 

a slope steepness up to 70°, undergoing transition into "saddles." In this 
region no bedrock outcrops were discovered. With respect to the form of bedd- 
ing and geomorphological criteria the terrace consists of basalts which un- 
questionably serve as an underwater continuation of the basalts of the Tro- 
odos complex. True, in comparison with the surface basalts the underwater 
basalts are less weathered and have not been subjected so strongly to differ- 
ent modifications. Here and there on the terrace there were also some forma- 
tions of the roche moutonnée type. The sea level in this region, judging from 
observations, was below the present-day level by approximately 100 m. 


In addition to geological work on the shelf of the island of Cyprus, in the 
western and northwestern regions of the shelf the expedition made biological 
observations. Interesting data were obtained here. In the deep part from 100 
to 450 m the bottom was covered by sediment and on the floor there there are 

a great many openings which are arranged in groups. Alongside these there are 
conical formations of a regular configuration with a diameter of 100-150 mm 
with a height up to 100 mm with a slightly concave area at the peak. Taking 
apart one such cone, the aquanaut discovered there an animal of the Polychaeta 
type with a length of about 15 cm and a thickness of 2 cm, covered with villi. 
The animal was not very mobile. The aquanaut believes that it lives in this 














cone and probably was responsible for its construction. And the aquanauts 
saw still another interesting animal. Externally it resembled a hedgehog, 
having soft thin feelers and long tentacles. When the animal vanishes into 
the opening the tentacles are folded together into a bundle, changing the 
configuration and size of the body. The aquanauts were able to extract still 
another inhabitant from the opening -- a sea pen. 


Cape Paphos and Ampere Seamount 


The expedition on the "Vityaz'" carried out interesting archeological invest- 
igations. In the neighborhood of Cape Paphos the divers and hydronauts stud- 
ied three regions and in two discovered amphorae and other clay articles from 
ships which in the past experienced shipwreck here. On the sea floor in the 
neighborhood of Orphurus Island (to the north of Cape Paphos) at a depth from 
3 to 12 m the investigators also found remnants of broken amphorae, clay dish- 
es and lamps. One of the groups of archeological finds occupied an area of 

50 m2 on the bottom. Judging from the finds, several ships sank in the Or- 
phurus area. Among the remnants of amphorae, rock outcrops and fissures the 
aquanauts discovered petrified remnants of wooden frames without any traces 
of nails, indicative of their deep antiquity. Near Orphurus the expedition 
investigated an area of the bottom with a total area of about 4000 m2, 


To the southeast of Cape Paphos, near Muliya Island, remnants of amphorae 
were also discovered, but here there were far fewer. Orphurus Island and 
Muliya Island are only 50-80 m from the shore and ancient navigators en- 
deavored to use the passage between them and the shore. But during the time 
of the gales the ships struck underwater rocks and sank in these straits to- 
gether with their cargo. Finds in the region of Orphurus Island, judging 
from the age of the amphorae, date back to the 6th-5th centuries B.C. 


The second stage in the archeological investigations was carried out on the 
Ampere Seamount in the eastern Atlantic. It belongs to the systems of under- 
water volcanoes of the Azores-Gibraltar sill, which evidently developed dur- 
ing the interaction of large lithospheric plates along the boundary of the 
zones of shear displacements. A knowledge of the age of such volcanoes is im- 
portant for understanding the geodynamics of the principal types of boundar- 
ies of the lithospheric plates. A serious role here is played by a petrolog- 
ical investigation of the rocks raised by volcanic activity from great depths. 
All this can clarify the nature of the processes which act on the boundary of 
the mantle andthe earth's crust and lead to powerful tectonic movements. 


Ampere Seamount is also interesting from the archeological point of view. The 
fact is that the photographic and television observations carried out here 
earlier revealed extremely curious rectangular morphostructures on its peak. 
Archaeologists studying the photographs taken from aboard the scientific re- 
search ship "Moskovskiy Universitet" in 1976 and from aboard the "Akademik 
Kurchatov" in 1979-1980 even postulated an artificial origin of these struc- 
tures. Divided into blocks by even seams, in the opinion of scientists they 
resemble the remnants of anancient stone brickwork. Here the expedition carried 
out towing of the underwater vehicle "Zvuk-4" for a detailed study of relief 

of the seamount peak. Such studies pursued a dual purpose. First of all, they 
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made it possible to understand the structure of the entire peak, and seccnd, 
detailed depth measurements were made and an acoustic survey with photograph- 
ing of the bottom helped in precisely selecting the place where the diving 
bell should submerge. In actuality, an error in the place of its submergence 
can make the latter entirely useless. The planned bottom region becomes com- 
pletely inaccessible for the aquanauts because the hoses connecting the 
aquanaut to the bell are only 30 m in length. In this case, however, the 
ship is at anchor and cannot move. 


As a result it was finally possible to select the most interesting point 
where there was a concentration of numerous outcrops of ridge-walls. The 
diving bell went down at this point with a crew of aquanauts consisting of 
Yu. Dulskiy (Marine Research Institute, Bulgarian Academy of Sciences), N. S. 
Rezinkov and V. A. Antipov (Institute of Oceanology, USSR Academy of Sci- 
ences). The bell submerged to 75 m and hovered 10 m from the bottom. After 
equalization of pressure and opening the hatch the aquanaut N. S. Rezinkov 
emerged from the bell onto the lower platform, then left the platform and 
proceeded to implementation of the scientific program. 


In submerging the bell was between two walls departing from the plateau at a 
right angle. To the right and left of them and parallel to them there were 
ridge-walls of approximately 300 m width, separated from one another by a 
distance of several meters. At the top the ridges of the walls were incised 
by linear furrows, lightly sprinkled with a fine white sediment. The aquanaut 
pushed the sediment away with s hand, finding a deepening in which there 

was no longer any clear evidence of seams or fissures... 


As indicated by the aquanauts, and also by photographs taken in the depths, 
the entire surface of Ampere Seamount consisted of basalts of a dark color 
which were greatly smoothed and which virtually nowhere had sharp corners 
and edges. Evidently, this is a result of the effect of either surface waves 
in the past or currents which constantly exist in this region. There were no 
individual rock blocks. Only in one place did the aquanaut discover a small 
slit and knocked a piece of rock from its edge. The ridge was monolithic -- 
it had virtually no fissures or scarps. 


It was found that Ampere Seamount has a complex dissected relief and its main 
area is at a depth of 75-85 m. In the northwestern part of the peak there is 
a hill. Here the thickness of the water layer is 60 m. The ridges-walls, re- 
sembling artificial structures, were concentrated in the southeastern part of 
the peak. These in actuality were rectangular formations rising approximately 
6 m above the surface. They run parallel to one another with some interval 
and frequently intersect -— in some cases at a right angle. In the over- 
whelming majority of cases the walls have a block structure, which suggests 
their artificial origin. The blocks are sometimes clearly separated by fis- 
sures. The mountain surface, both at the foot of the ridges and at the peak, 
is covered by small recesses strewn with a thin layer of sediment. This sug- 
gests that slit-joints exist beneath them. The deepenings cut the surface of 
the blocks primarily into rectangles. Sometimes the system of such rectangles 
has a linear strike; in other cases they form semicircles ("arches") of a 
regular configuration. 
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At the peak of Ampere Seamount the aquanauts discovered steep and smaller 
walls with a height up to 1 m, also of a rectangular configuration. When 

the mountain peak was photographed earlier an image was obtained only of 
these small walls because the survey was made from a distauce of 2-3 m, so 
that the large ridge-walls entered the frame only as individual fragments or 
as a general background. The major ridges could be interpreted on the records 
of the side-scanning sonar after investigation of the bottom by aquanauts. 


What did the detailed investigations of Ampere Seamount give on the first 
voyage of the "“Vityaz'"? They indicated that this mountain has a volcanic 
origin and its peak consisted of alkaline basalts. The peak earlier pro- 
truded above the ocean surface, as is confirmed by the large block structure 
of the outpouring lavas, which would be substantially different if the out- 
pouring occurred under water. A sample of basalt raised from the seamount 
peak was extremely porous in cleavage, also evidence against an underwater 
out flowing. 


For the time being it can be said that the investigations have not confirmed 
an artificial origin of the basalt ridge-walls. True, over an enormous time 
interval artificial structures could change so much outwardly that now they 
cannot really be distinguished from the general natural background of the 
peak. Accordingly, it is probably too early to draw final conclusions. 


Much was done during the time of the first "Vityaz'" expedition, which lasted 
for two months. I would particularly like to note that the method for multi- 
sided underwater research developed at the Institute of Oceanology, USSR Acad- 
emy of Sciences, in these 15 years has fully justified itself. The scientific 
results of the expedition indicated how productively it is possible to carry 
out investigations of the world ocean using the facilities of the scientific 


research ship "Vityaz'. 
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[Article by CinC Navy Flt Adm SU S. Gorshkov: "Contemporary Problems of the 
Study and Development of the Ocean"; passages rendered in all capital letters 


printed in boldface in source] 


[Text] The study and development of the ocean under present-day conditions is 
gaining special importance in connection with the people's ever-increasing 
dependence on its resources. Significantly increased technical capabilities in 
recent years allowed a sharp increase in the intensity of research. These were 
the circumstances which led to the UN General Assembly declaring the period 
from 1971 through 1980 an oceanologic decade. 


Two directions can be discerned in the approach to problems of the ocean's 
study and development. The first direction, involving an expansion in oppor- 
tunities for the joint use of its resources for increasing mankind's welfare, 
was advanced by the Soviet Union, countries of the socialist community and many 
developing states. The second direction is typical of the leading capitalist 
countries headed by the United States. It has the purpose of using the ocean 
for militaristic interests as a sphere of economic expansion and for establish- 
ment of their domination here, and to open up as it were a new era of colonial 
conquests, this time not on land, but in the ocean depths. 


The world community cannot reconcile itself with such aspirations of the 
imperialist powers. 


For a long while the overwhelming majority of world states! have been connected 
with opportunities for use of ocean resources and profitable shipping lanes 
crossing it. That is how the first aspect of the problem, which can be termed 
the "man-ocean” problem, originated and has been developing continuously: the 


ECONOMIC aspect. 


At the same time people were using the oceans and seas as springboards for con- 
ducting military actions. These capabilities rose as productive forces devel- 
oped. The present-day operational-strategic features of ocean-going nuclear 
missile fleets nave reacned a pinnacle at the present time. 


That is how the 











second aspect of the very same problem--the MILITARY aspect--arose and has been 
developing continuously. Both these aspects exist objectively in close unity, 
and their importance is growing continuously. 


The ocean occupies more than 70 percent of the surface of the globe. With a 
colossal volume of water exceeding 1.3 billion cubic kilometers, i.e., 97.3 
percent of all our planet's water reserves, it exerts an enormous effect on the 
physical condition of continents and the earth's atmosphere. The great spatial 
and temporal changeability of basic physical and chemical characteristics of 
ocean waters affects the processes of vital activities of living organisms 


which take place in it. 


The ocean waters are in constant movement. Their movements, which form a gen- 
eral system of currents, serve as the basis for uniformity of the ocean's 
nature. Subtropical circulations, which include for example such powerful 
currents as the Gulf Stream and Kuroshio, represent some of the chief elements 


of this system. 


Diverse physical processes occur in ocean waters. A global transformation of 
metabolic energy occurs here as a result of the uneven heating of waters and 
the atmosphere. The ocean absorbs three-fourths of solar radiation which the 
earth receives, thus maintaining the temperature conditions of water masses and 
the air masses above them, and it regulates the entire cycle of planetary 
atmospheric and oceanic circulation. It has an effect on formation of the 
climate of all regionsof our planet. Any sector of land, even one farthest 
from the sea, inevitably experiences its influence. All this still is far from 
understood and is the subject of careful study by researchers and scientists, 


seafarers and oceanographers. 


The ocean's fauna and flora are unusually varied, numbering more than 160,000 
species of fauna and some 10,000 species of flora. The life of some 250-260 
species of birds is linked with the ocean. The ocean represents the lungs of 
the globe. Around half of the oxygen entering the atmosphere is produced in 
the process of photosynthesis by phytoplankton in the ocean. 


We still have a very poor knowledge of the ocean world although as far back as 
deep antiquity (4,000-5,000 years ago) man learned to use the sea lanes for 
communication with island areas and even made ocean voyages on primitive (in 
modern terms) cane and board raft vessels. The well-known Norwegian scientist- 
oceanologist and sea traveler Thor Heyerdahl tells about this very persuasively 
in his book entitled"Early Man and the Ocean? published in the Soviet Union in 


1982. 


But the study of the ocean as an object of scientific understanding of the 
planet began considerably later, some 250 years ago, and its systematic study 
has been conducted for a little over 100 years. Nevertheless even today we 
know very little about the ocean world and about all the processes occurring in 


its depths. 


Thanks to scientific-technical progress, attention to the ocean was reinforced 
following World War II. Marine science studies began to be organized on broad 
scales both by individual countries and within the framework of coordinated 











international programs. The scope of the work of basic research of the ocean, 
as well as for interests of the armed forces, increases each year. For exam- 
ple, in 1966, in elaborating a 5-10 year program for study of the ocean, the 
Department of Oceanography of the U.S. Presidential Scientific Consultative 
Committee defined its primary direction as support of national defense. In 

fact when we turn to data on U.S. federal appropriations allocated for the 
study and development of the ocean, such as in 1975, it can be noted that some 
third of the entire amount ($244 million) of $782.5 million went to the Defense 
Department. Various federal departments, universities and science centers are 
widely enlisted to perform this work. At the same time the federal budget does 
not take account of U.S. Navy expenditures for oceanographic research to sup- 
port the activities of submarines and ASW forces and means. According to some 
American sources,’ in that same year of 1975 this comprised a rather impressive 
amount--at least $550 million. Oceanographic research directed at a study of 
features of sound propagation under the water in various parts of the ocean, 
acoustic characteristics of water masses and soils, as well as work of hydro- 
graphic and geodetic survey and on ocean biology represent special interest to 
the Pentagon. To this end floating and underwater facilities which can affect 
the freedom of navigation and scientific research are being set up for this 
purpose in vast expanses of the ocean. This predetermines the appearance of 
one other aspect of the "man-ocean" problem--POLITICAL-LEGAL. 


In recent decades there has been a reinforced trend toward a more ordered 
legal regulation of all kinds of ocean uses. The 3d UN Law of the Sea Con- 
ference lasted some 10 years. Here the delegations from practically all coun- 
tries in the world worked out a international legal document defining the 
all-encompassing legal regime for marine expanses. In all phases of the Con- 
ference the USSR delegation consistently advocated a most rapid development of 
a new Lawof the Sea Convention on a compromise basis which would be a signifi- 
cant contribution toward strengthening international security and would help 
prevent conflicts among states on the seas. To facilitate progress in the Con- 
ference's work and considering the interests of developing countries, the 
Soviet Union accepted a number of concessions (recognition of the concept of a 
200-nautical mile economic zone, the permissive procedure of scientific 
research in the economic zone and on the continental shelf, and so on). 


The leading capitalist states, and the United States above all, took a differ- 
ent approach to resolving the global problem facing the Conference. Their 
desire for undivided rule on the ocean expanses was manifested most vividly in 
the adoption, at U.S. initiative, of national laws on development of deep- 
water seabed resources. Using this legislation and the related threat of sub- 
stituting a system of "“minitreaties" for the Convention as a blackmail tool, 
the American administration placed the Conference on the verge of disruption 
and delayed adoption of a new Convention for a year. But the demands of the 
United States and its other NATO allies to recarve provisions of this document 
concerning exploration and development of seabed resources beyond shelf limits 
in their favor--demands which were utterly unsubstantiated--ended in total 
failure. At the llth Session of the Conference held on 30 April 1982 a Law of 
the Sea Convention was adopted and the process of signing it began in December 


1982. 











Questions of an intensification of scientific studies of the ocean are more 
acute in this connection. Back in the middle of this century a need arose, 
under the influence of objective needs of oceanographic science, for creating 
a certain cooperation of states to conduct synchronous studies over considera- 
ble areas of the ocean. Several major international programs were developed 
for studying the tropical Atlantic (1962-1964), the Kuroshio current 
(1965-1971), the Caribbean Sea (1967), the Northeast and Northwest Atlantic 
(1973, 1976, 1977), and so on. The Soviet Union is cLaking an active part in 
fulfilling the majority of them. An exchange of international information is 
of great importance for ocean study. Over 70 countries--members of the UNESCO 
Intergovernmental Oceanographic Commission (MOK)--participate in it. The 
information exchanged is carried out through world oceanographic data centers 
located in the USSR and United States. Each year the results of observations 
from several hundred expeditions carried out in various parts of the ocean 
arrive in the USSR. The Soviet Union passes on materials of 40-45 voyages of 
its science research vessels for use by members of the UNESCO MOK. 


Soviet scientists are making a substantial contribution to the total sum of 
knowledge about the ocean. They have to their credit the measurement of the 
deepest depressions of the Pacific Ocean, and the discovery and study of an 
underwater sound channel, submarine ridges in the Atlantic and Arctic oceans, 
the fine structure of hydrophysical fields, synoptic vortices, the dynamics of 
water masses in the deepest parts of the ocean, life at extreme depths and so 


on. 


The purpose of oceanographic research at the present stage is to develop and 
improve prognostic models reflecting conditions of the ocean medium and to per- 
form comprehensive programs for the study of ocean and atmospheric processes 
and their connection with mesoprocesses and microprocesses which determine the 
status of weather on all continents. Oceanographic studies are multifaceted 
(according to the subject criterion of ocean study they can be divided arbi- 
trarily into hydrophysical, hydrochemical, geophysical and biological), but all 
of them are associated by the overall theme of understanding the ocean. This 
is determined by the close interrelationship of various kinds of studies. For 
example, biological studies require a simultaneous study of the physical state 
of water masses and chemical processes in those areas in which living organisms 
are being studied, and a knowledge cf chemical processes is necessary for con- 
structing a hydrodynamic model of the ocean. 


Primary efforts in the area of hydrophysical studies are directed at creating 
and improving a thermodynamic model of the ocean and developing a unified model 
of circulation of the ocean's water masses and the atmosphere above it. This 
will permit describing dynamic processes in the ocean from the microscale proc- 
esses to planetary processes with consideration of their mutual influence. The 
study of microprocesses is being given much attention of late, since without a 
knowledge of their mechanisms it is impossible to obtain a valid picture of 
planetary-level fields and create prognostic models. 


Studies of ocean acoustics play no small part. This is determined on the one 
hand by the importance of a practical use of sound waves for detecting objects 
under the water, and on the other hand by rapid receipt of information about 


the status of bottom relief. 
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An important place in hydrophysical research is held by the study of ocean 

optics--optical fields, conditions of their formation and interrelationship 
with other fields--and a determination of primary and secondary hydro-optic 
characteristics, principles of light propagation in an aqueous medium, and 

optical properties and conditions of the ocean surface. 


Hydrochemical research is a rapidly developing direction in ocean study. Of 
particular interest here are phenomena occurring at the interfaces of water 
masses with the atmosphere, the bottom and the coastline and which are called 
upon to play an important part in the development of prognostic models thanks 
to establishment of the nature of chemical processes. 


Geophysical research encompasses the study of spatial-temporal characteristics 
of the magnetic and gravitational fields in the ocean, properties of the ocean 


bed and thickness of the crust beneath it. 


The basic task of biological research is a study of the vital activities of 
varied species of marine animals, plants and entire ecological systems. 
Scientists are attempting to obtain an answer to the question of how a change 
in climate affects ecosystems and understand the mechanisms regulating their 


structure and interaction. 


Oceanographic research vessels (OIS) of the Ministry of Defense Main Director- 
ate of Navigation and Oceanography (GUNiO MO) make a great contribution toward 
accomplishing ocean study tasks in the interests of the national economy and 
marine sciences, along with the scientific research vessels of the USSR 
Academy of Sciences and vessels of the USSR State Committee for Hydrometeorol- 
ogy and Environmental Control. They take part in the fulfillment of many 
international and practically all national programs for ocean study. 


Vessels of the Navy's Hydrographic Service "Admiral Vladimirskiy" and "Faddey 
Bellinsgauzen" left Sevastopol’ on 2 December 1982 on an around-the-world 
Antarctic expedition following the route of the great Russian seafarers F. 
Bellingsgauzen and M. Lazarev, and they will perform extensive scientific 


studies. 


The studies being performed have not only an applied character, but a basic 
scientific character as well. The use of modern equipment for ocean study 
including electronic computers with an automatic oceanographic data collection 
and processing system and sounding bottles allows the Navy's OIS to measure a 
considerable number of parameters of oceanographic fields simultaneously in 


various scales of their manifestation. 


Study results will augment the Soviet national store of materials of hydro- 
meteorological, hydrographic, geophysical and hydrobiological observations in 
the ocean. They are the basis for compilation of various aids, sailing direc- 
tions, sailing manuals and atlases needed for naval ships, general navigation 


and for science of the ocean in general. 


Soviet marine charts supporting navigation in practically all parts of the 
world have been published based on materials of Soviet hydrographic studies in 
the oceans and seas and with the use of foreign cartographic sources. The 
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Soviet "World Ocean" chart published by GUNiO MO in 1979 contains the latest 
seabed relief data and is one of the best in the world. 


There was a significant expansion in the products list of equipment for per- 
forming studies as the extent of knowledge about the ocean grew and as demands 
for its study increased. Numerous scientific establishments, firms and con- 
cerns in many countries are working on its development. 


Automated systems are being installed aboard oceanographic scientific research 
vessels which have been made on the basis of EVM [electronic computers] and 
which provide for the collection, analysis and processing of oceanographic 
data, the monitoring of measurement errors, their tie-in with navigational 
measurements, recording on a machine-readable medium and reproduction in a 
graphic form. A set of equipment including precision and quick-response meters 
for all physical characteristics of the ocean medium and various fields of the 
planet is being used to determine oceanographic parameters. Further develop- 
ment of oceanographic systems apparently will follow the line of supporting 
full automationof the research process. 


The use of submersible vehicles forvarious purposes is something new in the 
study of oceans and seas. Scientists’ efforts are aimed at increasing their 
submersion depths, creating conditions for conducting scientific studies and 


increasing the safety of aquanauts. 


Automatic anchored and drifting research buoys and self-contained hydrometeo- 
stations have become widespread of late. They can be used to measure several 
dozen hydrometerological parameters and transmit them to shore centers over 4a 
radio channel or via artificial earth satellites. The use of automatic buoys 
permits setting up systems for rapid coverage of the hydrometerological situa- 


tion over vast ocean areas. 


Great prospects for oceanographic studies opened up with the beginning of the 
use of specialized earth satellites. Outfitted with television, infrared and 
radiometric gear, they send information to earth about cloud cover above the 
ocean, the ice cover, temperature of the surface layer of water, wind at the 
water's surface, and sea states. Flying around the globe in a time enormously 
less than the natural changeability of the marine and air medium, such satel- 
lites are capable of providing a global picture of the distribution of many 


important oceanographic parameters. 


A number of the most important scientific-technical problems connected with study 
of the biological structure of the ocean medium and the upper mantle of the 
earth's crust, with the performance of hydrologic and hydrographic studies, and 
with the performance of rescue operations, salvage operations and other under- 
water engineering work cannot be resolved without man's active penetration into 


the ocean depths. This gave birth to a new direction in the theory and prac- 


tice of human medicine and physiology, which studies conditions of the body's 
behavior under the extreme conditions of the hydrosphere. People have pene- 
trated to a depth of 200-300 m relying on the latest scientific achievements. 
In the future this may be taken to 500 m or more. This requires the creation 
of more sophisticated special gear supporting human life and activity in the 


underwater medium. 














Thus the problem of human vital activities at great depths is a new independ- 
ent area of medical and physiological research, the success of which will 


determine accomplishment of tasks of developing the ocean. 


As was noted earlier, there are enormous raw material, biological and energy 
resources inthe planet's hydrosphere. People will turn their gaze more and 
more toward the ocean as opportunities for producing everything necessary for 
their existence from the interior and surface of the land are exhausted. "In 
the near future," affirms well-known Soviet scientist S. Mikhaylov, "the land 
will not be in a condition to satisfy mankind's growing needs for metals, 
minerals, petroleum and coal as well as for chemical raw materials and pro- 
teins of animal origin. The ocean is the first extracontinental source for 
satisfying people's needs for food, chemicals, fuel-energy and mineral-raw 
material resources . .. and hence it is natural that there is a present 


interest in this matter."? 


Mankind is striving for more complete use of ocean resources, as manifested 
not only in an intensification of scientific research, but also in a growth of 
appropriations for its economic development. Over the last 20 years, for 
example, world capital investments in basic sectors of the marine economy 
have increased almost tenfold and in 1975 reached the vast sum of $120 billion 
including $60-70 billion for the sea mining industry, $10 billion for the 
fishing industry and $40 billion for shipping.” 


Economic development of the ocean began with the use of its biological 
resources, which play an increasingly noticeable role in the food balance of 
our planet's population. Scientists believe that the ocean's potential bio- 
logical reserves exceed those on land by many times over. Even today it 
"supplies" us with up to 15 percent of proteins and 5 percent of fats of animal 
origin in worldwide consumption. ” The world catch of fish and other sea 
products comprises some 70 million tons annually,® and this index may be 


increased in the near future. 


The competitive struggle which unfolded in fishing and other fisheries (which 
is so typical of the capitalist system of economic operation) often assumes 
interstate scales and at times complicates relations even among allies in one 
and the same blocs. Suffice it to recall in this regard the recent so-called 
"wars": the "cod" war between Iceland and Great Britain, the "lobster war" 
between France and Brazil and the "tuna war" bctween the United States and 
Mexico. Acting on the one hand were countries with insufficient economic and 
military might and, on the other hand, great sea powers which often used com- 
batants of their navies as a "convincing" argument for resolving the dispute. 


According to scientists’ prognoses, there are more mineral and chemical 
resources in the ocean than on land. Sea water itself is a valuable "poly- 
mineral liquid ore" which contains more than 70 elements of the Mendeleyev 
Table. The total reserves of some of them reach astronomic proportions. There 
are billions of tons of manganese, iodine, bromine, vanadium, magnesium, 
potassium and calcium, and millions of tons of gold, silver, thorium and other 


rare elements. Reserves of uranium (4-5 billion tons) and heavy water (over 


270 trillion tons) can have very great importance for technical progress in 
the future. 





Very rich deposits of iron and manganese (polymetallic) nodules® containing 
manganese (25 percent), iron (14 percent) as well as cobalt, nickel, copper, 
titanium and vanadium have been discovered over vast areas of the Atlantic, 
Indian and Pacific ocean seabed. The depths of the seabed contain enormous 
stores of petroleum and natural gas, especially in continental shelf areas.? 


In 1975, for example, the reserves of marine petroleum comprised 21 billion 
tons and those of natural gas, 14 trillion cubic meters. 


In addition to petroleum and natural gas, the shelf contains deposits of coal 
and ores. Huge deposits of coal have been surveyed near the shores of Great 
Britain, Japan, Spitsbergen, Chile, Australia, Turkey, China and the United 
States. There were 57 underwater coal mines in operation in the world as 
early as the beginning of the 1970's. Japan obtains 30 percent of all coal 
from the capers of the seabed, and Great Br’tain gets 10 percent of its coal 


from there. 


Today the industrially developed countries are conducting intensive scientific 
research and development work to create special equipment for the production 
of minerals in deep-sea areas. 


The heightened interest of capitalist countries in the ocean is caused by the 
fact that some 70 percent of minerals on land are under the control of social- 
ist and developing countries. The economy of the United States and its chief 
partners--Great Britain, Japan, the FRG, France and others--depends to an 
enormous extent on the import of a number of the most important kinds of raw 
materials. Satisfaction of their constantly growing needs for energy and for 
mineral and food raw materials depends more and more on the possibilities of 
developing the ocean's economic resources. For the time being, however, this 
problem is being solved primarily by importing raw materials obtained on land. 


Petroleum and natural gas areof particular importance out of all the kinds of 
strategic raw materials found in the depths of the sea and ocean bottom. By 
the mid-1970's the shelf accounted for 20 percent of the total production of 
petroleum and over 10 percent of natural gas and, according to specialists’ 
forecasts, by 1985 the proportion of petroleum will comprise some half of 
world production. At the present time more than 20 countries are producing 
petroleum and natural gas from the seabed, and some 100 countries are conduct- 
ing exploratory drilling and geological exploration work. There are major 
petroleum and natural gas deposits in the North Sea, Gulf of Mexico, Persian 


Gulf and other areas. 


In the next few years the exploration and development of seabed mineral 

resources beyond the continental shelf will gain an exceptional role. It has 
been established that there are gigantic deposits of metals in nodules and in 
certain other formations such as sulfides on and under the seabed. According 


to scientists’ estimates the oceans’ reserves of raw minerals from which 


manganese, cobalt, copper, nickel and other metals can be obtained surpass all 
such resources explored on land by tens and even hundreds of times. While 

some 20 countries will be able to derive perceptible profits from activity on 
the continental shelf beyond the 200-nautical mile economic zone, practically 











all world countries including inland countries will be able to do so with 
appropriate organizationof work on the seabed beyond the shelf. 


Jeginning in 1967 the United Nations has been making attempts to draw up an 
appropriate seabed regime beyond the continental shelf. Initially the UN 
Seabed Committee worked onthis, and then the 3d UN Law of the Sea Conference 
did so beginning in 1973. The new Law of the Sea Convention contains princi- 
ples regulating the exploration and development of seabed resources beyond the 
continental shelf. In particular, this area with its resources is declared 
mankind's general legacy. It is open for use by all states exclusively for 
peaceful purposes. Work in the area will be carried out by a specially formed 
international Agency (through its Enterprise) and by countries participating 
in the Convention and their representatives. This will ensure a just and 
rational use of seabed resources with consideration of the needs of developing 
states. Such prospects, however, clearly were not to the taste of the United 
States and its partners. Despite the fact that their attempts to introduce 
changes to this part of the Convention which would have secured for them uni- 
lateral advantages and preferences suffered failure, they have not rejected 
their intention to set themselves up in the most promising and rich seabed 
areas according to the principle of "first come, first served," contrary to 
the interests of all other countries. 


U.S. ambitions have gone so far that President Reaganofficially announced 
refusal to sign the new Law of the Sea Convention adopted in April of this 
year. His statement that Convention provisions concerning development of sea- 
bed resources allegedly "do not correspond to U.S. goals" is absolutely 
unfounded. The fact is that this is that part of the Convention to which the 
American delegation, which represented the three previous U.S. administra- 
tions, gave greatest attention in its development. 


The present administration apparently cannot reconcile itself with the fact 
that under the Convention ocean resources can be used in the interests of all 
countries, and developing countries above all. The government of monopolies 
does not like the fact that the Convention contains rather effective anti- 
monopoly provisions (albeit not rigid ones) in the section devoted to seabed 
resources and that it does not allow uncontrolled access of private companies 
to the production of these resources. Moreover, the imperialist monopolies 
cannot reconcile themselves with the fact that the decisionmaking procedure in 
the Council of the future International Seabed Agency does not allow the 
United States to play the very same dominating role in it as in international 
financial organizations. It should be noted that not one of the states par- 
ticipating in the Law of the Sea Convention ever have been in such isolation 
as the United States, no matter what proposals it advanced during the work. 
Not counting Israel, even the closest of its NATO allies did not deem it 
possible to vote against the Convention. The Canadian governmen* sent Wash- 
ington a note of protest in connection with the new administration's unilat- 
eral rejection of previously reached agreements. 


It is quite obvious that the U.S. delay of talks on problems of the ocean and 
nonrecognition of many provisions regulating the international legal aspects 

of the "man-ocean" problem previously worked out with its very participation 

is the result of a policy directed at obtaining additional opportunities 











guaranteeing the conduct of those activities which are connected with a reso- 
lution of the problem of dominance in the ocean, 


By its obstructionist policy with regard to the Law of the Sea Conference, the 
United States sets itself in opposition to the interests of the world commun- 
ity. This is absolutely unacceptable. The "threat" of the present U.S. 
administration not to sign the Convention must not stop other countries. 
Adoption of a mandatory international law will permit regulation of relation- 
ships of all countries in the deveiopment and use of the ocean and regulation 
of rules for navigation and use of sea expanses. 


The seas and oceans already are beginning to be used for the accommodation of 
various kinds of enterprises in connection with the rapid inclusion of seabed 
mineral resources in the sphere of economic activity of developed capitalist 
countries. Some parts of the ocean even now are gaining strategic importance 
having been turned into areas of heavy industry developed and concentrated in 
small water areas with enterprises for the mining, storage and processing of 
raw materials. For example, Great Britain, Norway, the FRG and other coun- 
tries erected numerous facilities in the North Sea for the production and 
transportation of petroleum and natural gas. Possibilities are being studied 
abroad for using manmade islands for construction of industrial enterprises. 
For example, it was reported in the press that the Japanese are developing a 
project for creating a manmade island with the construction on it of a 
metallurgical plant, aluminum plant, oil refinery and petrochemical plant, as 
well as a large-capacity distilling plant. There will be 20,000-25,000 per- 
sons servicing the island. Despite the seeming fantastic nature of such 
projects, they may become reality in the near future. 


Great horizons open up for mankind in connection with the possibility of 
developing inexhaustible ocean reserves of mechanical, thermal and chemical 
energy. There is colossal energy potential contained in ocean waves, currents 
and tides. The use of the oceans' hydrothermal energy, i.e., the energy 
obtained from the temperature difference at the sea's surface in warm areas 
(25-30°C) and in the depths (around 5°C), can provide much for mankind. 


Other projects for using the energy of oceans are known. The United States, 
for example, is examining the question of using the heat and flow of the 
Florida part of the Gulf Stream, which in the American specialists’ estimate 
basically can satisfy the country's energy needs. It is true that for now 
only scientific explorations of technical solutions are being conducted in 
these areas. At the present time only the first experimental tidal electric 
power plants have been created, but significant prospects already are looming 
for practical development of the ocean's energy potential for mankind's needs. 


There are truly inexhaustible capacities contained in the energy found, for 
example, in ocean reserves of heavy water. It is generally known that one 
kilogram of heavy water would be able to compensate in energy released for the 
combustion of 400 tons of coal. When we consider that the ocean has hundreds 
of trillions of tons of heavy water, it is quite obvious that the discovery of 
inexpensive methods of recovering such energy from the ocean can lay a path 
toward solving the energy problem of modern times, which is greatly disturbin 
mankind and which has drawn the careful attention of the 26th CPSU Congress. ! 








In appraising the acute need for a further build-up of the country's available 
power, USSR Academy of Sciences President Academician A. Aleksandrov stated: 
"The traditional methods, i.e., by increasing the production of energy carri- 
ers (petroleum, natural gas and coal), will cease to satisfy us in the fore- 
seeable future. There must be a substantial change in the structure of their 
consumption and wide use of nontraditional energy resources."!3 I would like 
to add to this that the ocean also can become one of the primary sources of 


energy used by mankind in the future. 


The role of oceans and seas is exceptionally important in supporting transpor- 
tation ties among continents and countries. The uninterrupted functioning of 
sea lines of communication is a matter of life and death for a number of 
industrially developed coastal and especially island states such as Great 
Britain and Janan. It is not by chance that marine transportation plays a 
leading role among all kinds of transportation. It accounts for over three- 
fourths of world freight exchange. This is above all because the production 
costs of sea shipments is 40-45 percent lower than rail and 20 times less than 
motor vehicle shipments. The total volume of world ocean and sea shipping is 
growing continuously. In just the last 20 years it increased more than four- 
fold, comprising some 3.5 billion tons a year in the mid-1970's. 


The Atlantic Ocean holds first place in shipping, accounting for over two- 
thirds of the world freight turnover. Its basin contains 8 socialist, 23 
developed capitalist and 53 developing countries, with all of them accounting 
for 80 percent of the world industrial production. !4 


More than 20 percent of world freight is shipped over sea lanes of the Pacific 
and up to 10 percent over those of the Indian Ocean. 


Ocean and sea lines of communication are of great economic importance for the 
Soviet Union. For this reason the Communist Party and Soviet government give 
constant attentionto the development and improvement of our country's sea 
transportation ties with other states, which requires the performance of 
major, goal-oriented scientific research involving the creation of charts, 
sailing directions and aids to navigation, organization of a weather forecast- 
ing service, and other measures assuring the most economically profitable 


Organization and management of shipping. 


In pointing out the ever growing importance to many countries of marine produc- 
tion of food, raw material and energy resources and the expansion in maritime 
shipping, the foreign press notes on the one hand their growing economic 
dependence on the extent of ocean development and on the other hand the appear- 
ance of new serious sources of international conflicts. "In the year 2001 we 
could easily develop mines and agriculture on the seabed and use transportation 
and military facilities. As soon as we begin to use these new bases of econ- 
omy, a new arena of conflicts automatically will appear."!° 


Suppositions are even expressed that as manned seabed stations and industrial 
facilities are created the developed capitalist countries will attempt to 
establish "underwater spheres of influence.” 











The waters and bed of the ocean are being turned into an object of struggle 
and expansion through the efforts of a number of capitalist countries. Evi- 
dence of this is the keen struggle of NATO allies--Greece and Turkey--for 
sources of petroleum discovered under the Aegean Sea. Such situations, and 
there are many in the modern world, can lead to military conflicts. 


The irrepressible thirst of capitalist states to seize more and more areas of 
the ocean also is manifested in their attempt to invest even small islets lost 
in the ocean, such as the British rock of Rockall located more than 200 nm from 
the British Isles, with rights not only to territorial waters, but even a con- 
tinental shelf and also a 200-nautical mile economic zone. To this same end 
areas of underwater volcanic activity in the Pacific are under constant U.S. 
and Japanese observation. The islands appearing here serve as an object of 


immediate seizure. 


And so the rivalry to acquire riches of the hydrosphere and to extend states’ 
influence to vast ocean zones led to a sharp intensification of the struggle 
among imperialist countries. Man's contemporary level of understanding of the 
ocean affected the change in methods and forms of armed warfare, and the stra- 
tegic and operational employment of fleets above all. Through efforts of the 
imperialist powers the ocean has been transformed into an enormous springboard 
for conducting combat actions and naval operations by all-arms fleets-- 
submarines, surface combatants and naval aviation. The role of the marine 
medium has risen unusually in the modern era of acute struggle between two 
opposite social systems, where imperialism headed by the United States is con- 
ducting feverish preparations for a new world war, having placed the most 
important scientific-technical achievements at the service of this task. The 
ocean also has become an arena for employment of other branches of the armed 


forces. 


Development of the ocean opens up opportunities for a further spread of mili- 
tary actions from the ocean surface into its depths. Suffice it to note that 
following World War I submarines increased submerged depth by almost tenfold. 
Mine ordnance previously employed only in coastal and shallow-water areas now 
can be used at depths of several thousand meters, according to the western 
press. American sonar submarine detection systems are located at great depths 


of the ocean floor. 


In viewing the ocean as a springboard for conducting armed warfare and for 
deploving strategic nuclear-missile groupings of armed forces for these pur- 
poses, the United States is carrying out major, costly projects across a broad 
front to fit it out and prepare it as a theater of military operations. 


In summing up what has been said, we will note that the ocean is becoming a 
more and more important economic factor in the life of many countries and the 
object of intensifying competition and acute political and potentially armed 
struggle among them. It is a worldwide storehouse of enormous riches and a 
source of energy resources, the door to which is still open to all for now, 
but the imperialist states are trying more and more persistently to gather all 
ocean resources into their hands. For this reason an understanding of the 
essence of the problems of its economic development has not only a national 
economic importance, but a defense importance as well. 











The problem of ocean development is inseparable from preservation of peace on 
the planet. Comrade L. I. Brezhnev emphasized: "Peace is not just a question 
of security. It is also the most important precondition for resolving the 
most important problems of modern civilization . . . which even today are 
beginning to concern many people: resolution of the problem of energy 
resources, environmental protection, eliminationof such phenomena as mass 
hunger and dangerous diseases, and development of ocean resources."'!® 


The new international legal regime of the ocean, the primary provisions of 
which were secured in the Law of the Sea Convention, is called upon to play a 
very important role in world use of maritime expanses. The preamble to this 
document recognizes its great contribution toward establishing a legal regime 
for seas and oceans which would facilitate international communications, the 
just and effective use of their resources, and the study, protection and 
preservation of the marine medium as well as its living resources. The pream- 
ble expresses confidence that development of maritime law reached in this Con- 
vention will contribute to a strengthening of peace and security of nations 


and aid their economic and social progress. 


The Convention precisely defines the limits and regime of sea expanses (terri- 
torial waters, economic zones, continental shelf and so on) and the regime of 
international straits, archipelago states, the open sea, inland and partially 
enclosed seas, the seabed beyond the continental shelf and so on. There is a 
regulation of such very important kinds of human activity in the ocean as 
shipping, fishing, the development of marine minerals, construction of manmade 
islands and facilities, and prevention of pollution of the marine medium. A 
procedure is established for delimiting sea expanses between adjacent states. 
A system of measures is envisaged for the peaceful settlement of disputes 
involving this activity and for creating appropriate international judicial 


and arbitration entities. 


time this document will secure standards of conducting scien- 


For the first 
studies for all states and competent international organizations. 


tific marin 
But we cannot fail to consider that our position in matters of ocean develop- 
ment, shared by the overwhelming majority of progressive, developed and devel- 
‘ping states of the world, differs from the position of the United States and 
large imperialist powers following it which are attempting to use the ocean 

as a springboard for the struggle for world domination as 
well as for expansion and coercion. This is clearly reflected in their mili- 
tary doctrines, which are actually oriented on the so-called "ocean strategy,” 
reflecting not only military, but also fundamental economic and political 
interests of western countries in the ocean, and those of the United States 
above all. In conformity with the course of their postwar policy, they are 
continuing to seek new supplementary opportunities for resolving one of the 
important problems of their policy--establishment of domination in the 
a part of the concept of winning world supremacy which they 


expanses adove al i 


most 
»cean, which is 
declared long ago. 


An important role is set aside for study of the ocean and expansion of the 
development of its biological, raw material and other resources in accomplish- 


ing the tasks set by the 26th CPSU Congress for the USSR's further economic 








and social development. This requires enormous efforts not only of groups otf 
scientists, but also of a large number of practical businessmen. A rational 
system of economic management in the hydrosphere has to be created and affairs 
conducted so that its reserves are not exhausted, with thought given not only 
to today, but also tomorrow. The question of preserving and reproducing ocean 
resources has to be resolved just as keenly and comprehensively as is their 


very use. 


In discussing the military aspect of the "man-ocean" problem we must proceed 
from the persistent striving for peace by our party and state. It is impor- 
tant to turn the ocean into a zone cf peaceful and mutually advantageous 
cooperation of all countries, setting a detente policy in opposition to a 
policy of aggravating international tension and preparing for a new world war 
being conducted by the present U.S. administration and countries of the 
aggressive NATO bloc following it. An important place in these preparations 
is being given to naval warfare, which forces us, in resolving the overall 
problem of national defense, to take steps to eliminate the growing threat 
from ocean axes. Creation and development of the Soviet oceangoing fleet--a 
reliable guarantee of the Soviet Union's security against attack from the 
sea--is connected with this. 


Soviet navymen live with the same interests and thoughts as their people. They 
stand reliably on guard over the peaceful labor of the builders of communism 
and socialism's achievements. All naval personnel are responding to resolu- 
tions of the November 1982 CPSU CC Plenum and to the statements and conclu- 
sions of CPSU CC General Secretary Yu. V. Andropov which he expressed in the 
speech at the Plenum with a total straining of efforts in the struggle to 
achieve higher goals in combat readiness, service and training, and with new 
patriotic initiatives in socialist competition, and thus they are making a 
growing contribution toward a further reinforcement of national detenses. 


FOOTNOTES 
l. Of the more than 168 states existing in the world, only some 30 do not 
have their own sea coast. 
2. SEA TECHNOLOGY, March, 1974. 
3. S. V. Mikhaylov, "Mirovoy okean i chelovechestvo" [The World Ocean and 


Mankind], Moscow, Ekonomika, 1969, p 3. 
MIROVAYA EKONOMIKA I MEZHDUNARODNYYE OTNOSHENIYA, No 9, 1976, p 


5. "Bol'shava Sovetskaya Entsiklopediya” [Great Soviet Encyclopedia], Vol 18, 
p 988. 


, ? 


6, PRAVDA, 24 March 1978. 


?. Osokin, S. D., “Mirovoy okean’ [The World Ocean], Moscow, Prosveshcheriye, 


pp 96, 95. 














A product of complex physical and chemical processes of precipitation of 


8. 
metals and other elements from the sea water and depositing around a 
neutral nucleus. 

9. The shallow part of the seabed to depths of 200-500 m which rings the 
land comprises some 8 percent of the total seabed area. 

10. MIROVAYA EKONOMIKA I MEZHDUNARODNYYE OTNOSHENIYA, No 10, 1977, p 76. 

ll. "Problema issledovaniya i osvoyeniya Mirovogo okeana" [The Problem of 
Exploring and Developing the Ocean], edited by A. I. Voznesenskiy, 1979, 
Leningrad, Sudostroyeniye, p 237. 

12. See "“MNaterialy XXVI s"yezda KPSS" [Materials of the 26th CPSU Congress], 
Moscow, Politizdat, 1981, p 145. 

13. KOMMUNIST, No 4, 1981, pp 84-90. 

14 MORSKOY SBORNIK, No 3, 1981, p 75. 

15. JOURNAL OF THE ROYAL UNITED SERVICES INSTITUTE FOR DEFENCE STUDIES, No 4, 
1972, p 15. 

16. L. I. Brezhnev, "%a spravedlivyy, demokraticheskiy mir. Za bezopasnost' 
narodov i mezhdunarodnoye sotrudnichestvo”" [For a Just, Democratic Peace: 
For the Security of Nations and International Cooperation], Moscow, 
Politizdat, 1973, pp 42-43. 

COPYRIGHT: ‘"Morskoy sbornik”, 1982. 

6904 


CSO: 


1801/122 








rev cers , - 
VU Jreo C 
NUMERICAL MODEL OF WIND DRIFT OF ICE WITH ALLOWANCE FOR APPEARANCE OF 
VAYTIATY CANTTITITSY F9ANES 
Pada sas eJit sa hitVaae haat ) 
Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ATMOSFERY I OKEANA in Russian 
fol 18, No 9, Sep 32 (manuscript received 2 Feb , after revision 20 Jul 81 
o> 100 3-16 c 
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sf Science 
tract In this article, within the framework of a simple model of a con- 
tinuous medium, based on an Eulerian approach to the description of movement, 
in attemp* made to take into account some basic effects related to forma- 
tion of zones of maximum continuity of the ice cover. These effects include 
the incompressibility of these zones, absence of movement along the normal to 
the shore in the entire zone, restructuring of the field of velocities of 
movement of ice with formation of continuous (very closely packed ice) zones 
within the region. ne use of the Eulerian approach was dictated by the 
mplicity of the numerical method for solving the problem. It is assumed 
that the movement of the ice cover with values of the "continuity function” 
below the maximum <S<1) is described within the framework of a two- 
jimensional model of a viscous compressible fluid. With the developed 
approach, a series of numerical experiments was carried out in a model basin 
with an E-W extent of 400 km and a N-S extent of 200 km with an island and 
peninsula measuring 50 x 50 km. The western, southern and eastern boundaries 
were assumed to be solid and the northern boundary liquid. in all the con- 
lered ca ti initial ice distribution over the basin was considered 
uniform and denoted . The numerical experiments revealed some relationshi} 
betwes t nitial ice distribution, wind direction and velocity and extent 
* the forming volynias. These relationships are illustrated in a series of 
figures; t picture changes with variation of the mentioned parameters. 
There is a direct linear dependence between the initial ice distribution s‘ 
and the dimensions of the polynias which are formed with different wind 
lirect ns. n the other hand, there is a nonlinear relationship between the 
wind velocity and the width of the forming polynia. Firures 2; 
referenc: : 4 issian, 2 Western. 
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‘Abstract’ The authors have published here the first of a series of studies 
n the weakly turbulent theory of wind waves. This first article in the 
series discusses the properties of the collision term Iy in the key kinetic 
e7 ind s precise stationary solutions for a definite type of 
“Olmororov spectra. The next paper will deal with the oumping term pn and 
‘he dissipation term p7~ in this same fundamental equation, as well as condi- 
iitions in the neighbornood of the spectral maximum k, and the pumping and 
ftissipation intervals The third article will deal with the corollaries of 


) 
4 
> 

| 

c? 


tne equation relating to the form of the spectrum of wind waves outside the 
impine and dissipation intervals. The final article will give derivation of 
iifferential equation describing the evolution of the parameters of the 
‘trum of wind waves and a discussion of the corollaries of this equation. 
iS, this article, on the basis of experimental data on the closeness of 
t nerry-carryving components of adequately well-developed wind waves to 


linear free waves, use is made of the kinetic equation of the approximation 


weak turbulence that takes into account nonlinear interactions, pumping 
m the wind and dissipation. Also examined are special features of this 
proximation associated with the manifestation, in addition to the usual 


iynamic laws of conservation of momentum and energy, of a law oi conservation 
* the wave effect specific for slightly nonlinear gravitational waves. In 


narticular, it is demonstrated that in an anisotropic case (when the wave 
© zero) there are two alternative Kolmogorov power-law 
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pectra determined by the energy and action fluxes respectively which are 
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reci tetionary solutions of the kinetic equation outside the pumping and 
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‘ a titut Applied ysics, cademy oO clienc 
tract. In a theoretical formulation t problem of determining suc 
important characteristics of the random field of illumination as the disper- 
on of fluctuations, spatial-temporal correlation function and energy spectrum 








s exceedingly complex. Clarification can be brought about by simplification 
of the initial model. The author's objective was to obtain quite as 
3) 


physically sound analytical evaluations of the dispersion andec 
radius of the fluctuating illumination field. This objective is achieved by 
the application of a number of simplifications and idealizations in formula- 


tion of the problem and in the course of its solution. These idealizations, 


‘mn the other hand, are no more extreme than those common in solving similar 
problems. Srecifically, the author examines a scheme for measuring illumina- 
tion in which the light source (sun) of a stipulated brightness illuminates 

a randomly uneven nonstationary interface of media with different refractive 
indices (water-air discontinuity) normal to its mean level. Under water at 
the depth h there is a device for measuring illumination; the coefficient of 
refraction for water is m 1, for air --m=1. It is assumed that the 
measurement device is ideal and the medium (water) neither scatters nor 
absorbs licht radiation (is optically transparent). A number of effects are 
not taken into account, such as the effect assoc fated with the finite heicht 
»f wave ym the int le ¢ mine some 


rface. This formulation made it possible to exa 
tics of underwater illumination fluctuations. Definite 


analytical expressions are derived for evaluating dispersion and correlation 
radius of the illumination fluctuation component. Figures 3; references: 
l2 Russian. 
, ~~~ 7 
=) * 
UDC 551.463 
FORMING OF DEEP WATERS IN WORLD OCEAN 
Moscow DOKLADY AKADEMII NAUK SSSR in Russian Vol 268, No 3, Jan 83 
manuscript received 6 Jul 82) pp 713-716 
MAMAYFV, ©. I., Moscow State University imeni M. V. Lomonosov 
Ps ow + "eo y was +ha first to noint Sut +ha*+ over an exte Fare area n* 
s = " = + < “ + > vu , ae we ¥ ‘oe = uL si ‘ ~s a \ 
the North Atlantic the T-S curves for the ocean surface virtually coincides 
sith the T-S curves for deep ocean stations in the same region. This was 
attributed to the formation of deep waters by the subsidence of waters ‘rom 
the surfa along the isopycnic surfaces coinciding with the corresponding 
thern ind isoheline surfaces. Sverdrup later indicated that if the T-5 
irves at the 2 surface and in the deep lavers do not coincide, * $ must 
t vider that in addition to isopycnic movement there must be processes of 
mixing : ; the isopyenic surfaces. These ideas served as the basis for 
t 
th laeleht that the -called central water masses of the oces are 
formed as a result of isopycnic subsidence and/or direct convection from th 
ear rface. e linear regressions between salinity and temperature for 
th irfac Pe t Atlantic, Indian and Pacific Oceans and for the surface of 
+ 4 + Wy y s oT) i1oys ved in a numc . ba later ~ + 14 ‘ RB +- = r wit? 
near and nlinear T- pressions for ¢ ntire volurz * waters in ¢ 
‘ame ear ind for t itire world ocean which are ented t 
irtic ul e compared and make ; ible a clearer comprehensio: the 
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ters. It is shown that there is a surprising 


formation of deep wa 
between the T-5S 


volume of the ocean. 


expressions for the surface of the world ocean and 
The corresponding regression lines lie very 


ne another, although they do not coincide. It is demonstrated that 
on of deep waters from surface waters may indeed not be purely 
in certain regions and appears to involve verticle convection mixing. 
ne T-S expressions for surface and deep waters do not coincide at 
f the world ocean, it does not follow that they do not coincide 
imited ocean areas. The Iselin hypothesis is therefore essentially 
gure 2; references 9: 5 Russian, 4 Western. 
UDC 550.834.08 
Ff EMPEROR FAULT IN NORTHWESTERN PACIFIC OCEAN ACCORDING TO DEEP 
FILINGe-REFLECTED WAVES DATA 
LADY AKADEMII NAUK SSSR in Russian Vol 268, No 3, Jan 83 
+ received 15 82) pp 710-713 
I. and SHMIDT, 0. A., Southern Division, Institute of Oceanology 
. Chirshov, USSR Academy of Sciences, Gelendzhik; Geological 
SSR Academy of Sciences, Moscow 
The Emperor zone of faults in the horthweste orn Pacific Ocean 
: 90 km and has a width of aoubt 150 km. It consists of narrow, 
und deep valleys and individual crests with an soy arrangement. 
as investigated on the 23d voyage of the "Dmitriy Mendeleyev” in 
2 run with a length 100 km was made normal to th e > dipenhian of 
The work method is briefly described and the characteristics of 
ted data are “ ssed. (Fig. 1 is a map of the area in which the 
ne; Fie. 2 is a schematic seismogeological section along the run). 
reveaied that the crust along the northeastern and southwestern 
the fault has an identical structure with a somewhat greater thick- 
econd case. A block structure of the crust is very well 
siong the entire profile. here is a decrease in the extent of the 
tc km with approach to the axis of the fault and the ampli- 
splacements along the faults separating the blocks increases in 
ion of the fault axis. In the zone of the margins and esrecially 
nen zone the crust is broken into small blocks with an extent from 
ym; the amplitude of the faults here is 0.5=-1.0 km, sometimes 
3.0 ky It is postulated that the pattern of fault tectonics 
n t ‘Yr section is caused by dilatation. The crustal structure 
f t fault differs from the margins only by having an increased 
the jimentary layer (0.5 km), volcanic sediments (9.8 km) and 
n int mall blocks. In contrast to faults in the Atlantic, 
ng of rocks of the third layer and mantle to the bottom surface 
1, su phenomenon is absent or poorly expressed in t Emperor 
mper ‘ault is expressed by a serie of longated grabdens 
regional itation of the earth’s crust, probably caused by the 
rT ment of large sectors of the oceanic crust. Figures 2; 





INVESTIGATING TRANSPORT OF WATER MASSES IN CIRCUMPOLAR CIRCULAR CURRENT 
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“Moscow DOKLADY AKADEMII NAUK SSSR in Russian Vol 268, No 1, Jan-Feb 83 
(manuscript received 23 Apr 82) pp 217-219 


BOROUKHIN, Ye. A., KOBYLYANSKIY, V. V. and POZDEYEV, Yu. S., Pacific Ocean 


hats " . 


. > 
Oceanological Institute, Far Eastern Scientific Center, USSR Academy of 


. 


Sciences, Vladivostok 


act] The half-life of tritium (12.43 years) makes it possible to 
the slow transport of waters with a high tritium content with time 
scales of movement up to several decades. Quite high tritium concentrations 
have been discovered in the surface and deep waters of the circumpolar 
surrent and this has made it possible to seek the region of entry of surface 
tritium into dottom antarctic waters. Measurements of the tritium concentra- 
tion made in 1981 on a run along 152°E made it possible to ascertain the 
present-day bh iah content and its spatial distribution, very significant 
for studying the transport of water masses in this region. The samples were 
taken during the 29th voyage of the "Professor Vize"; full statistical data 


are given in a table. The results indicate that the tritium concentrations 


circumpolar waters had not changed since 1972. The depth of venetration 
of the surface concentrations of tritium in subantarctic waters was 


aa 


sreater than in earlier observations, at 47°S attaining 1000 m. Two stations, 
ituated on either side of the zone of Antarctic convergence, at 53 and 
4.895, revealed a great horizontal gradient of tritium concentrations at 


90 m and indicate an insignificant participation of Antarctic deep water to 
the south of the front in the formation of waters of the polar frontal zone. 
-an be used not only in studying the vertical profiles of water 
masses, but also water masses in the horizontal plane. The very high tritium 
‘oneentration in bottom water at 65°S is a result of intensive entry of sur- 
face waters into bottom waters as a result of local or seasonal convergences. 
The tritium content in deep and bottom waters and hydrological concepts con- 


»ine » : : seat : ~ » 4 ry % os ' eashi lisa 
erning oceanic circulation of the Antarctic Ocean preclude the possibility) 


_~ a mae = . + : ce pe = Ln rT... ~ Y« A “ . 
penetration of such tritium quantities from the north. the only Antarctic 
} ’ Ke -- + 2 : + + 4 [= . +oaw 
rea w Cc could be a source of such tritium concentrations is the eastern 
_ ‘ - ae ] MNaee © : 7 -e@ ¢ raetoe Tar + -~ + . + 
indary the Ross Sea ice shelf. There is a westernly transport from the 
oP a aiawm sr } «7 oi > ~ 7 » - q & a ’ = > . r~ - | - 
: ea alion the shelf slope oi Antarctica to the ut of the Ballen 
ae ; , , ; mnancsa = ; ain - ‘ : 
islands in both tne irface and vottom hoor rs. ihe region of lg@n tritium 
- - i+ - hac , ; ty) +) lat+i+ +4 4 - 44 7 
soncent ration: las a considerable extent in both latitudina ind me 1,onal 
. 2m Caw me ~ - 2 le «= + 2 ‘ < ~~ 
tior n therefore an be used in estimating the rate and direction of 
nefar - “- 7. IfnoFY me e 7 +ahlac , $ » € 
transfer \ antarcti Le¢ ; water. rigures Le roLes , rerterence: 
’ aSocatT vr 
i Ar . 4 ,* ‘ 2 
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ANGANESE BALANCE AND ORE FORMATION IN OCEAN 


oscow DOKLADY AKADEMII NAUK SSSR in Russian Vol 268, No 1, Jan-Feb 83 


‘manuscript received 22 Apr 82) pp 214-216 


SATURIN, G. N Institute of Oceanology imeni P. P. Shirshov, USSR Academy 


seg 


of Seliences, Moscow 


* | 


oc 


Abstract) Ferromanganese nodules are the principal form of solid mineral in 
ne ocean, but few reliable data have been published on the manganese balance. 


autnor attempts to solve this problem on the basis of data on the geo- 


iemistry of manganese and the absolute geochronology of ocean deposits. The 
ean receives manganese in the form of suspended and dissolved Mn in river 


water, underground and glacial runoff, abraded, eolian, volcanic and hydro- 


‘rmal material. The total inflow of manganese into the ocean is 22- 
llion tons annually. An effort was made to determine the differing rates 


limentation in di fterent parts of the ocean. It was broken down into 
Q 


ne following zones: 1) peripheral continental zone, area 87 million square 
ilometers, mean rate of sedimentation 25 mg /m2 «year and Mn content in sedi- 
\ 
/ 


)6-0.97%; 2) zone of hemipelagic and pelagic sediments--220 million 
are kilometers, a1 mg/m@-year, ~0.4%; 3) pelagic zone of ore fields 


ithout allowance for surface of Fe-Mn nodules )--50 million square kilometer= 


w~.] ng/m°-year, ~1%; 4) zone of ore fiel occupied by nodules--5-10 


ONS . manganese 


tllion square kilometers or 10-20% of the area of the ore fields and 1.h4- 
.3% of the area of the oceans. In estimating the absolute mass of increment 


nodular matter it was assumed that their total mass at the bottom surface 
) billion tons. With an average Mn concentration in the nodules of 20% 
i an average age of the nodules according to radiometric data from 1 to 10 


°953 8 | ‘a ~~ 
illion vears the annual increase in the mass of nodular matter is 50-599:19/ 


° pite a minimum flux of diffuse Mn from oxidized pelagic 


ediments, this ensures the absolute mass of Mn necessary for maintaining the 


owth of ferromanganese nodules with the mean rates which have been deter- 
ined by radiometric methods. The mass of manganese expended in the formation 


ore nodules is an insignificant fraction of the mass of metal participating 
mentary cycle--about 0.1-0.3% of its total receipts in the 


of its geochemically active mobile forms. Tables 1; 
es 15: 10 Russian, 5 Western. 











ACOUSTIC MECHANISM FOR EXCITATION OF TSUNAMI WAVES 
Moscow OKEANOLOGIYA in Russian Vol 22, No 5, Sep-Oct 82 
‘manuscript received 22 Jun 81) pp 693-697 


ae 


NOVIKOVA, L. Ye. and OSTROVSKIY, L. A., Institute of Applied Physics, Gor'kiy 


In an effort to clarify the acoustic mechanism of excitation of 
tsunami waves the authors investigated the nonlinear mechanism of excitation 
of tsunamis related to the detection of oscillatory acoustic disturbances in 
ater. The disturbances considered may be related to rereflection of the 
mpres: l force excited by displacement or to elastic bottom oscillations. 
A relatively simple case is examined when the front of the acoustic wave is 
horizontal and the acoustic oscillations are localized in the space under the 
isplacement region, a model which is approximately correct for both rereflec- 
ions of compressional waves and for sound excited in the bottom by an 
elastic wave; in other words, a tsunami wave can be excited by two sources-- 
rectly by bottom displacement and by the averaged effect of the acoustic 
field. The averaged nonlinear disturbances, although small in comparison with 
listurbances, have a duration corresponding to the tsunami 
momentum and therefore can be an effective source for a surface wave. The 
; > mechanism can give a definite contribution to tsunami energy even in 
the case of subsonic velocities of displacement. Evaluatations presented here 
show that this mechanism may be predominant for adequately rapid displacements. 
nism can play an exceptionally strong role for sources of 
f nce 


; 
« 
+ 


the linear 


: ines a ~~ . 3 Zs . on . 
an exXplosive type, such as a volcanic eruption. Figures 2; references 3: 
Russian, 1 Western. 
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are retained in the equations) over anisotropic microscale bottom relief for 
4 two-layer model of the ocean. A nonlinear equation is derived for the 
macroscale component of movement, as well as expressions for determining the 
parameters of currents of a topographic scale. After presenting a physical 
interpretation of the results, the authors present an example of numerical 
‘omputations of nonlinear periodic waves over sinusoidal bottom relief. This 
is followed by a comparison with data on bottom relief from the literature. 
Figures 2, tables; references 8: 6 Russian, 2 Western. 
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NUMERICAL EXPERIMENTS WITH BAROTROPIC QUASIGEOSTROPHIC MODEL OF SYNOPTIC 
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Moscow OKEANOLOGIYA in Russian Vol 22, No 5 Sep-Oct 
> 9 - 
(manuscript received 31 Dec 81) pp 719-725 


‘ea arrmrarer ner rT ree ** oe + 
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MENKOVICK, V. M., LARICHEV, V. D. and KHAR'KOV, B. V., Institute of 
-eanology imeni P. P. Shirshov, USSR Academy of Sciences, Moscow 


(Abstract! This is essentially a continuation of an earlier article by the 
authors entitled "Numerical Barotropic Model for Analysis of Synoptic Eddies 

in an Open Region of the Ocean" (OKEANOLOGIYA, Vol 21, No 5, pp 773-786, 1981). 
Ihe materials in that paper are reviewed. Then, by a comparison of numerical 
and precise solutions of a problem approximately describing some peculiarities 


f synoptic eddies in the ocean, it was possible to evaluate the accuracy of 


arotropic quasigeostrovhie forecasts for the open region of the ocean with 
iifferent values of the determining parameters and also different fixed 
bounda yonditions. It is shown that determination of the boundary condi- 
tions is ¢ nost difficult part of the problem but is highly important 

cause errors in setting the boundary conditions are gradually propagated 
within the region. Possible ways to improve accuracy in this part of the 
work are examined (it is noted that certain aspects of this problem have been 
>xamin R. Robinson, et al. in J. PHYS. OCEANOGR., Vol 10, No l2, 

199-1928, 1980). The different tests used in evaluating the accuracy of 

rediction of t ll forecast are discussed in detail. Figures 8, 


redi t 1 
table - references 8: 4 Russian, 4 Western. 








COMPUTATION OF MEDITERRANEAN SEA WIND CURRENTS BY ELECTRIC MODELING METH! 


wD STYMONOCTONAT “OnDT 
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Moscow OKEANOLOGIYA in Russian Vol 22, No 5, Sep-Oct 82 
(manuscript received 7 Jul 81, after revision 3 Mar 82) pp 7: 


MENZIN, A. B. and MOSKALENKO, L. V., Leningrad Hydrometeorological 
Abstract! The article describes stationary wind currents in the Mediterranean 
Sea obtained by the electric modeling method. This model was developed using 
> transport stream function) method for a homogeneous sea of 

variable depth. The modeling was carried out to a depth of 200 m. Maps o 
Mediterranean wind currents for the winter season are reproduced as Fig 
Ld According to the modeling, in the western part of the sea during this 
a predominance of a cyclonic sireulation of waters. 


>yclonic systems of the Alboran Sea and the Algerian-Provence Basin are 


oie) Ad { 
\ 


' 
total flows 


~ . 


separated by a poorly expressed anticyclonic circulation system; for the most 


part a cyclonic system is also characteristic of the eastern part of the sea. 


Winter circulation is attributable to the distribution of atmospheric pressure, 


wind fie} na +h f w ch s above th sea Ss 
the wind field an she vorticity of wind shearing stress above the sea surface 
A " ow wr | . ‘ M . * ——- ’ : ca - = +4 QQ 
iown in Fig. 2, in winter when low pressure prevails over the entire sea, 
, - : - tatdber eo? » br ‘ e+ _ ++ Auer +e ars ‘ S any 
1 positive vorticity of wind shearing stress, excited by the cyclonic circu- 


e 

r wind circulation di 

ulation develops in the sea, pre- 

jominating in the western and central parts, whereas in the eastern par 
r 


the sea a cyclonic movement of water predominates. The principal cha 
> 


lation of water, predominates. The summe 
in winter; in summer an anticyclonic circ 


sin te * 


\ 


istics of summer circulation are also easil, attributable to >ric 
pressure and wind fields; negative vorticity develops. The direction of the 
orevailing winds remains northwesterly, but in contrast to winter the 
meridional component of wind shearing stress is greater than the zonal compo- 
nent. In winter water circulation in the sea, esrecially in its eastern part 
has a clearly expressed latitudinal development, but in summer a meridional 
levelopment. The authors compare these modeled circulation maps with data 
‘rom other computations and dynamic maps for winter and summer. The 
modeled may f eurrents in the western part of the sea differ considerably 
from the dynamic maps. The significant differenc in maps of currents in 
the western Mediterranean obtained by different khode indicate that the 
‘onsidered model does not reflect real conditions and that the effect of the 
wind on the circulation of waters in this part of the sea is not decisive. I 
the modeling of the circulation of waters in the western Mediterranean it is 
i] ne ary to take into account exchange of Mediterranean waters with the 
Atlantic and the density stratification of waters. Thus, the nature of cur- 
rents in the western part of the sea requires special investigations. 

imvures 4; refer >es ( Russian, 1 Western 
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CHARACTERISTICS OF FINE STRUCTURE OF CURRENT VELOCITY IN OCEAN 


saad dill Aossi bits ia ~ 


Moscow OXEANOLOGIYA in Russian Vol 22, No 5, Sep-Oct 82 


ad 


(manuscript received 3 Apr 81, after revision 7 Sep 81) pp 733-737 


‘ gia Ye. res PYZHEVICH, M. L. and SUKHOV, A. L., Institute of Oceanology 

imeni P. P. irshov, USSR Academy of Sciences, Moscow 

‘Abstract!] At the present time very few data are available concerning the 

fine structure of the current velocity field in the ocean. Data on the fine 
p | 


ertic: tructure of the current velocity field were collected in various 
regions of the Pacific Ocean during the 22d voyage of the research ship 
"Dmitriy Mendeleyev." Measurements were made with an acoustic apparatus in 
sounding regime for determining the intensity and direction of the 
ative to the ship in the range of change of flow velocity 

)-2 m:sec™+ and direction of flow 0-360°. The accuracy in measuring velocity 
was 3 cm-sec7/ and for direction 3°. The measurements were made from a 
irifting shin; the rate of sounding was close to 0.5 m:sec-l. The velocity 
‘s were made with a discreteness of 4 m; there were 162 points in a 


profiles were 1 
series; the first point corresponded to a depth of 20 m. A shipboard compu- 
ter was used in computing the meridional v and zonal u current velocity com- 


ponents, their gradients, the square of the current velocity gradient, the 
first four moments and empirical distributions of these parameters and the 
spectral densities of current velocity inhomogeneities. The influence of 
individual "surges" was reduced by using low-frequency filtration of the 
initial series by a cosine filter. These multiple soundings in different 


regions revealed a difference in the spatial-temporal variability of fine 
structure of the current velocity field. As an example, the article gives 
for observations made at station 1785. Figure 1 shows that the 
‘tructure of the vertical profiles is characterized by an unordered alterna- 
tion of layers with small and great vertical gradients with depth. Figures 


i A 
and 3 ow the empirical distributions of the gradients of the zonal and 
-rridional velocity components and the square of the absolute gradient 
rul + illustrates the spectral densities of vertical inhomogeneities of 


the zonal and meridional current velocity components. Although highly infor- 
iata do not allow any determination of the mechanisms of Torma= 


mat - veo, t ic 4 tL \- 4a v 
— ¢ . re 5 +34 ey 3 = | : * 4 #7 j 
tion and variability of fine structure of the velocity field. Figures 4, 
an?) ~ . « » ao Te C . Y tJ 
tables 1; reference: : 5 Russian, 2 Western. 
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otopes at the ocean surface. However, since a considerable percent- 
e isotopes falling on the ocean surface is contained in the upper 
is layer this layer should exert an effect on the change in the con- 
n of isotopes. The decay of the isotopes should also exert an 
Accordingly, the author employed 4 two-laver model in examining the 
f vertical diffusion cf cosmogenic and artificial radioactive fallout 
ean. An integral approach is applied to the upper homogeneous layer 
ransport of isotopes in the lower layer (thermocline) is described 
jinary nonstationary diffusion equation. It was found that the 
o9seneous layer decreases the mean level and range of fluctuations of 
cee concentration, accelerating the transport of isotopes into the 
rs. With the passage of time the influence of the upper homogeneous 
the distribdution of artificial isotopes is lessened and the layer 
mogeneous with respect to the concentration of isotopes is gradu- 
arated to the thermocline, this resulting in a decrease in the 
t: f the surface concentration of isotopes. It is shown that the 
o* the upper nomogeneous layer results in a flow of isotopes from 
orial zone into the temperate latitudes. In regions where the thermo- 
nerates there should be an intensified transfer of isotoves into 
rers under the influence of winter convection. The influence of the 
r is greater for artificial isotopes, which in contrast to cosmo- 
t io not have a steady regime. Figures 2, tables 23 
’ Russian, 1 Western. 
UDC 551.462(261.4) 
NAMIC AND STATIC FACTORS IN RELIEF FORMATION IN NORTHERN PART 
EANOLOGIYA in Russian Vol 22, No 5, Sep-Oct 82 
A+ wmoanaiwan 128 Maw RR} after revision 22 Oct Os \) nn 7RICTAR 
» Eeeee rt a. & a i» Av 4 I L510711 ) » i en 4 
HH, I. P., PRISTAVAKINA, Ye. I. and SOROFLHTIN, 9. G., Institute of 
r imeni P. P. Shirshov, USSR Academy of Sciences, Moscow 
) In the . Sorokhtin crystallization model of formation of the 
thosphere ‘DOKL. AN SSSR. Vol 208, No 6, 1978) lithospheric plates 
a state rdrostatic equilibrium. The free-air gravitational 
ver them s ild be close to zero. However, over the North Atlantic 
there is a major positive anomaly, becoming negative at about 
itive anomaly can be attributed to an excess of mass, whereas 
’ anomal ‘an be attributed to a deficiency of mass. Here the 
x ne ¢ ffects from the point of view of the Sorokhtin model. 
Wing conditior for the cooling of the uvper mantle are assumed: 
it flow, absenc £ a convective component and internal heat sources 
int thermal conductivity coefficient. It was further assumed that 
inge in the aggregate state of the upper mantle from partially 
i the phy 7al parameters change in a jump and that the latent 











’ 
he 
‘ 

, ’ 
7 > 
+ 
. 
, ‘ 
rer 
- 
> 
> 
‘ 
_— 
. 
. 
> . 
w- 
> 
. 
vr 
‘ 


sz 
“ 
’ 
> 
. 
* 
> 
ve 


i” Ted 
>» 

a % 
. 

A 
wy 
‘ 

an 
»al 
> 
“a 
> 
. 
. 
‘ 
‘ 


’ 
> 
4 . 
_ 
» 
“a 
‘ 
s 











‘ 
, 
¥ _o v* ga ~» 7.) “ * - _ ~*~) “no > y , ‘- ¥ , > j _ . r vr 
ss »* i * ¢ AS¢ _ iv Ura rat ‘ . ‘ hee ; ’ ; ‘ . ¢ 
“ * } M4 > } ’ ‘ " ‘ . 
v/s or aed tls ro ‘Be vue io y * —rno * , “i 49 ’ 
’ ‘ wiha € art LnvVe? Ai . ‘4 ‘ se | » ‘ ‘ ivei 
* 
. . . » ‘ ‘ . ‘ 
: . " . > . , 
“6c ¥ . i? . a | ‘= ee >» ar ._*+ ‘ ‘ arroFr ¥ . 7. aaa 
ae ‘ ro. s Les i t ! i VAs ‘ . > i ‘ I ‘ eet. 
P rv’) aca . ; +> er Ame mary [4 ¥ «4 bh? + ip? m4» 4 
. sa . an s sae , aiet ‘ . . 4 ‘ 
‘ . ‘ . . * .* 
.* ._ + § Ae 3 th , 5 + ~y ‘ ’ your ¢ yw ‘ +o) 
‘ ‘ > Ww ; an A va e eit - ‘ 4a' ‘ ‘ ’ s , ’ 
. . ** ‘ ‘ " . 
“+ +atrinr norte 7 ~yy Tier , _? —~TyriIine ry ‘sm es ‘7 ,we . 
* ‘ ‘utr oe & We a ’ . ‘ , m&he ‘ ‘ " : ’ ‘ 
‘ ‘* " ‘ 
+ yo + _-— & * > ‘omnre - es ; 
a - - ss » 
. ‘a4 
TY ah@ r anoma , + 
‘ ‘ : ; ‘ : 
‘ ’ . . 
o , se. ©, “arom, One ‘ Po’ 
ave > +s _ ‘ ‘ 
. ‘ ‘ ‘ 
[- ‘oe +4 Se : -" + . 
‘ ~ ‘ ‘ ‘ " ‘ : 
. - . " 
‘ ‘7 “” ‘* y > a “= + 
i # “ . »~ w s ‘ - 
. 
>, ’ oOcen, ‘na. , ; ‘ 
‘ ‘ ' ‘ 
" ‘ . . 
are an- -rS ‘ nr ao 
‘ Mii i ‘ sal ha 
) . . 
‘Y . . ; ccs 4 b« al 4 wy 
. ’ . ‘ s : +. ’ » eae 
a] ~-s fy \ 
’ ai 
. ’ . 
: ** “ree i. a. —- . ee. LL . Los 4, 
“ , - ’ ‘ » 
; ' ‘ — ‘ “* ca ‘ ’ 
. , +’ . . rs 
,¥ JC ar« _* 
‘ mae ‘ ‘ . ‘ ; 
, _O- . 
r oo the 
. " _-~e **-* . ‘ - ™ . . 
- ; ¥ a ad ° md ’ 
" ‘ ‘ " 
. . if ad am id * ‘Me . **« 4 : ‘- + 
. + " . . - 
7 fn . a? 4 * ~~ _™, "o> eo ’ oan “ “_* id ¢ oa" ee ~* 
- +. - 7." > i A 4 ‘ -¥ 
es at . oe + ‘ he ;nHore ‘ a 
—= / Ge ‘ ais - ¥ ‘ * 
- . . . . . 
we - “rm wre “a, ‘ ' ia = ,* . _—-o * . . _—w ‘ ‘ 
> ‘ ‘ > si : i» , ‘ " ‘ - ‘ 
** . ~ - . ~* . e* 
2 + > ona ans" "“paoOrao 4 4 P 7 Fa , + Q 
* ‘ . i " " ‘ ‘ 
. . . tt ~~ Ai . . . 
: ‘ +, —7. | , rer >, arr roy ne a _* 4 
: e' ‘ A? ee : ‘ ss .". sit 
‘ ~-o  rrseee we ov +e a - ,. A ‘ . q *-* . - owy 
_ : ’ 4 
- ~ dU! ert. ae) - s ‘ “ Ls . + o 
’ ‘y? ww - —. +*haé +, arArne - ~“a v _+ . a. 
9 ; ; . “ has ‘ é ae 4 4 
-- . . _* . 
> a . - ~~- ‘ss > - . ‘ -- ° ws ¥ . : ‘ 
a* > * * 2 + * - > . - ’ _ - - . 
. . . . . . . . 
“mm Fr "of . . _ > _* . . ‘ * * 2 : 
: et. Se! ‘ ‘ A ‘ s \ 4 
. ~ . 
, - ae ? av? “”* ~ © + ~ wre : ’ _ “—* > 4 ve ‘ _ 
. i ‘ “ 4 d ‘ ‘ 
. ° we .” “~* ° 4 ‘ » ‘ 
2 i . 
: " rors . >* ’ . rg ; ; 4 4 
o > ‘ > 2 P »* > > . > = » . 
ib\e 6 ‘ ‘ ‘ . - 
. ° . 
_ . “me 7“ * 7 or ‘or - . ~—— " " ~~, “ ~a 4 
‘ ae a4 s ‘ : ‘ ‘ ‘ 
es + 4 Sé - + , —_— y ‘ ‘ 7 > ‘ 
. ‘ 
v " -*rwree ae > ’ oO, a - ¥ -_ 
‘ : , . 
. . ‘ 
oF “+ ’ ; . . oY ‘ 
sd . ear t« 2 
. 
ww —— . ‘ ~~ at ° . oe . > ‘ 
, A ; ‘ . ‘ ‘ 
* , > ° > 7 + . > 7 ° » > > 
a rs i rsé a tee, ‘ 4 ‘ “ 
. “es ae ° , ~~ . + 4 
: s- : . ’ ‘ ‘ 
. 7+, + y " . 
a. ‘ . 
. . ‘ » ‘ . ‘ 
- = } 
. ‘ . . » > 
. 



































asement, 


hich 





_ - 
ii < 
ec 
ace 
re 
” 
~—s 


YS oe 
. 
. 
~e 
~ 
. 
-~ + ~ 





~* > 
¥ - 
. 
. -¢ 
. 
_- 
~se 
~ 
4 “Fr 
“ sa 
on a — 
-_- > 
. s 


om” Fr . 
‘<< 
*** a ne Me a 
A mae 
7 *s 
wo we 











_ 


- 


re . 
a 

es Vv 
“ ‘ 
‘% . ’ 
A ~~ 
vt 

¥“ 

A ae ,. 

, “* 
Anan 


+ 
> 
. 
’ 
Fr 
. 
- ¥ 
" 
ae 
~ 
‘ 
~—— 
as , 
‘ 
‘ 
‘ 
. 
, 


¥ 
a - 
° . 
. ‘ 
- 
~ 
a 
’ 
s 
“~* 











re . ** 5 ae Le nw) > 
. i 7W4aS b/s LOIE 
. a ~~ 
“+ ‘ "Sena! A M ‘as 
" i 7" eis" w eee 
— *oa* oe « aaoi ~~ > * la 
“ Ui reg i > ry V 
Ji Tv? ? > u i) of _ Year 
¥ ~. e rr nn A ,* : ~ 
raianal Lp Tit A 
" ¥ o . ,_+ > 
; rie rach PP vif 
. 
> 7, ~ *¢ ‘7 = nr ad 
sUry O qava nama 
. 
.* * . " . 
74 — . J _ + a4 
+ - »~-e ~*> 
. , 
oe, ic , ¥ aan =| ranric 
7! Ae ‘ u = 4s 
** . : . ‘F 73 *) y 
evel Prewisvury wit 
* ‘ 
= Ta) y ’ metni | ic +) 
* - 7) ’ * 4 - ees 
. 
4 . mr oor mor? ’ 
hi as saa * - 
wna 4 (o . rear ane ‘2 
‘ ‘ ’ ‘ mid 
. . ~ 
has a ‘ Arne ’ 
‘ A i 
. 
‘ ’ } + P = » 
‘* A »~ »* 
Ta. i a gy >| ? 4 4 , 
4 : - 4\A 4 iaf 
: 

* 
awe ‘a+ . ata. + ‘ 
. wi Seas! s* 

. 

. , . : ‘¥ | “ > ~~” 

hei Ae ‘ : 
‘ * . . . ‘* 

. . . 

‘ . : 
’ a i: . . , 
. 
. . . 
. 
‘ y ‘ 


s 


ne rease 4 
b\w 4 . 

A ron 5 

5 * ~ w 
> we rr 2 } 
é _ ri t 
~~? > [+wenn 

Aa » We 
~» Fo a. i ia 

‘ ‘ 
. 

> ’ . an ies 
‘ a7 ‘ 
, a +ane 
- - 4 
- 4 . 

¥ Z +f 
aaa a’ - 
‘abel ja: . 

i es Bee | 

_e ss 1 a4? ; 

MY AUMULAY 
4 =e we ~ 

> > ’ 

-* . : 

= 
i. ’ * 
— 
sar? ‘ 
- > _ 
i ‘ 

* > . 
lgfavline 
_~* . + - 
ce? y _* i a 

As 

» a ve Z 

Aa . 
. 
~™ 

.* = »* 

. . .* 9 

. 





ran ann 
s« ‘wa s\ 
—_ . -— © yee 
- - 
Fon ~ya aw 
~ - 
. * 
' -*2 ” 
- . ~ 
. 
P + yee 
._ * 
, a « 
‘a ' - . 
7 ‘ + “n+ 
4 - 
ae "oO 
ea 2 
. 
agmnati er 
~ =) > \w 
> a * 
‘ 
. . 
“ys > 
+ “ 
‘* s 
r bea 
‘ . 
ve ‘ 
> y . 
" i A 
vs _- r 
: A ; 
; - 
~ A s 
y rear 





* 
~~ « 
q 
= 
._* 
- 
~~ 
he 
, 
" 

. 
‘ 
aaa 


, 148-6 > : ¢ , A > 4 A ’ 
yer th ‘Ourse of some years have develorned a method for the larre-escale 
; 
are : ‘ ia te rr ‘ “roaaey 10W ¢ th =) a = iat Prue tcbhe Tn"n@ a) am nT ec iar ea 
Ais Bo é as One| +) > wi * i! Own 0; rie a‘ il 4 Ai vt Aid ‘ sad i wit da & at _¢ re 
¥ . ; + . 7 7 _- . " + 4 } o4- + 7 +4 _- + 4 erry ~v . . 
ining it: pe and , vertical and horizontal dissection. The proposed 
rt Ke it | sible to carry out an analysis of materials of two types: 
‘ ‘ y 1s ws .+ , a . 12 cane nn man & £ . : e ' *} - ’ 
t] lly Ly n expeditions and information selected from albums o'% 
Pid rey areqd n wv! basis of expeditions ‘arried out earlier. me 


4 . * * »_-* * > ~-e 7 Y/Y “+ — 
ime * their registry are coded and successively introduced into a comnuter 
Saw ny 1 ar . ; fa} "'R tern ee" Ae 
, ro: ng ina rdance with the special Rel'yef program. After 
. — + . » +h- , ; + 44 _ - + . — rs] - . 2 . - 
’ lenth introcucins orrection for the svneed of sound in sea 


. = » - | . 
+ | ‘ . " > : 
in i. q re - y rc . Le a) L "a j near 








. _ - “er aa Tt, aw _) wire 
" 2 ‘ . ; ‘ s a-w oe e conve 
. , . 14 - ‘ hae | ,oa,Y nea WW) *hHeadq sy a? ra 4 + he mri mearm vr *syAh 
-. . -~- a > es ‘ ‘ inc ss ws Ul 2 O7 ‘ hae . ' comt uter ah’ mor. . me Wad 
— . . . . . . 5 
a ° -, ry ° at ae ie | l+ea - “ny ces nmr ‘ Tia i) a7 at ala ~-o | 
i! ne ' 4" resuits Oi: processing oO. ava rom Zeomorpno.ofical 
Ps ‘ 
--s ® 2 wae 4 “ee anna ava * ve sta + Vas raAnaetr a+aA i > AAWYrEe nt Aatragcaec , 
i itions and a: nstantly constructed in the course of voyages on 
- ‘ . lama + . . 
4 ° “cf? ’ *.2 eb ,eaN logv He HYKYOLCPrAM HWHKYrOU" > ay +) Yr n*oi1Ft 
: ¢' LvVu ceanology L£1e Program pyr 1e€S or tne Dorinvou 
4 > 
. ‘ Po’ ‘ : + . ** . +3 . & 
. awe > a, . oot a ~ _— _"s "> rse - Vaal nrer Yor ¥ 
- . es a 4 ~se we o/s recve - . ~ et hail Wai &s AY e ' rog ‘ 5 ie 
‘ 
s** . . . 8 * . 
a > , . y’ : ar "Ww ae ~ way ates mace - ‘of - ye ht hhaledt-teabhhl--. «he 
‘ S A — as Orm oat a rain eet FOR Ol 1a a LOY ouUuvot 4 ACTIV 
‘ thew, 2 23 " ~ ae 3 . . . 
ad . od ’ ad Z a . = . a nr ny we ~~ ae" “rf ny a” mr,rLA ry Socnwnwrs O_ 
‘ ~ wes liAzAa * e ram. —/ * e > - oroceda 4i Se are oi. \ «  &/ * a* 
: ‘ 
ties wr . . . . ~ . 4 . 
“—* ‘ re “no. we oMawr = \r “a>, - ¢ ny 3 anaes ~ + “aw ~ Nwe "sc A 
> | ‘ ‘ ‘ sin 4 es Jw vaasisalie 2 . roa - rans a a 4\ ronome -~ + 
Ps 
. ~— 2 go: 3 . ° 4 . * 
, “y ‘ “= . 4 ryvy ~ a ’ Qf s rp Y ~ yer “nw ,c “"yYarpecan 
: . ‘ ‘ ‘ ; Alt 4m: ’ ws ; 6c 7 4 9 shVad ~~ «* es Seu 
. -+ . 
rs ° ST ‘ . > row * ed program “a a Tram rrars aac Ay, -rSD “ACCS « 
‘ . i ‘ -* . ei » ; . .* — a s aie i « 2 se s 
Ps ‘ 
. ? . . * ? A Ad . s 
‘ *-* + ‘ » + "Yama « sw 4 5a) —f- habe. ar rlas m = ~ ATO vay Ao 
4 4 ‘ ~ . ~sie - - ,. meal ~ - » > ‘ s - © 
> ° 5 wt oe? 2 se 4 = "v ana +ahlac Af +¢re waar ana , ytrema } “Ta ) 1ec ff +¢he 
‘ " aa - ss aie AWA ‘ FT maha A se ~i Cilia ‘ A 
. f hd . - . 
wr _* o~ ~~ “-« ma ve > - ", = cA - Vv ’ ant. oh ayo nw ‘rs wre rc - > » > ¥ > ‘fifo 
. ] | . ’ ’ 
- . sid A = 4 ‘ ‘ " ; 4 & « aa Prk dh be sae s A 
. ‘- * . . . 
. . - “* rnAnacenan -* DoD a _— Ss 5s*-*s oc . YAR Se -s » . , _*- ~~ e/ 
: - Wore sav Ms " aw a dS ‘ . ‘ mse ‘ i 
+ + ‘7 + 4 4 . 4 4 —-- 
> . ‘, war yA 5 F ~ ,¥ i a c : ‘* ‘ re 1" " . 
: . fet DOSSLOLE LT ease oral IAA ime 
. ~ » * ~ ~. . . 4 . . . 
. ’ » = ° ~ -—=— in» ~# ro i - CA vero - an “nr a mI GeMrear ~ 
. ‘ ‘ . as ~ ~ + ‘ ‘ o " » sd ‘ ~ / mae 
: e 4 + - . \ a 
” * ‘ - “* — w- _yr* ? " aor cal _” ay ‘ “ _—— « “ee md "nec [‘ eae a* 
. s aa Cé hs hae wai’ ~ VIL ALICI ea es oe i «=J* a1 ‘ 29 wile . > =»? Are . 
. . ) _- “+ 
‘ Rune 
=_- 
- _~ 
“~*~ s-A ~ ~A* ) 
; 
af / >» eo ™~ “? «6 ~* 
‘ .* . - - . ee le | ~ > sea * a hs ~ _—eo — Ts... .... 
s | . > , , a 7 
. ‘ . « = ~ 
“a, '- + ern _* 
ad a ~ ae , - +. , +. 
. . “~ . . . ~ - - 7 ora 
_ . : ¥ a?rr or YoOtr ~y P +» -- “+ ‘7? 
‘ ‘ hae ~* > ‘ Y « * ss - " 4 » 
— . ‘ ™ . - 7” “«- ** . - To ‘4 4 $~ o Loaner . - - . 
. ‘ ss ‘ ‘* . ~** ah 4 ~se 4 A - ite 
, “4 ‘ oa + »* or “f° “9 _“ w 
; . is . . ~ 9 
+ . * . . ee . Al 
. I w* ’ . cw > oa rs .? y ta 7 > > > ‘ we ~ -s oY *y ¢ Tay 
. . . . 
_— ‘ + . — a” - a ‘ ay “* a, ,_hnor rarTrTayr ’ ~Tr -* O26 
" - a . - ~~ ‘ . 
“+ - > - . ‘+ eo 7 1 ana’ - 
‘ ‘ . » . v ™ ’ . , 
‘ | - — ae Se “4 > ‘ >. bet. Bi ‘ A —_ 
“+ J 4 + - 
>_> + . ° > . s hag . Z . ris iY a. . . »* _ o. ") .* a eshc ] . 
: "“, - + + 7 ’ 
‘ ° ‘ ‘ . = ’ +* ¥ , . a ’ 
“ or = i re ,at Ape! . a ¥ ‘ i 7 r i © J 
. > ’ . + n + - + ~* 
. - v ay, P . ‘ ’ ° ‘ ” Pye ’ 
. . ‘ ‘ i ‘ ; ‘ ‘ > <A Ae ‘ 
. . . ; - +) rie ~ r . ‘ ° "4 ’ y T) - merase + 
. “ > ’ = / ——, > > a * > . . > , = 
. . -9 o~ _o - ,*+ seas near _ _*a+ . “ee -_ - — - 
~ ad * * * > i+ _ A * . * 
> . 4 
° 7 . . oo oa roa ‘ > > a . . “+ “ . 7, - 
e ‘ . ’ > . 























shi ey ‘Ount ’ hea naretianl . aK the “2 le aw a) ) were 1444 aA =o: “aya er ASRS 6 
’ as 4 haa ' if - iC 2 a wae ~ ; - * he w eS ‘ asi : Ae ‘ anes ‘ 
. A . , owe ‘ ge 2 5 
~ * < | ‘ ‘ vr > } a] | . ~" ‘. . —- 2) y wef ** . ’ y 4 
4 4 *s ‘ Me + l i \ > is s L\ Mie | ia ro: w We 1a sia s AY LOT) w@s A! . 
‘ ‘ " 
) . - > . . - - ‘ ~* . . 
, . oe i a . ’ . “* . ’ “Sen «| ‘* r > . > » + ‘ ,* ve ‘ ar I . .' ‘ 
‘ ‘ i ; ‘ » —~ + ‘ vai' € ~~ umf L¢ . Y Vial Cuua Jn & we ra ‘ i Lf. —_ 
. " *-. + . shar ¥ , ’ > > ‘ae 4 ¥ _* *4 ‘* ¥ 3 ‘ “or? . “a * : ,* . 
| ‘ i 4" saws » he ii© Once nh I i i* sa ‘ VA Shs ¢' Pe ws - ©7 | ie - , 
' ‘ _ Ag . , “ a ’ 
4 . . ; ‘ nn © . ‘“o rq a , *h > com nw" wre ‘ — 4 
4 = si A tiw ‘ XC oh © ) > OQ. sti c hii ¥ ou US 
, - 5 5s 
. j 4 . . \ r . . . . , 
‘aye " * vy j * ae ‘7 é is a+ rit '* 3 " ( - + oO _y? elg . ,¥ +) Lf a * 
- ‘ s J . haa’ a * »* s ‘ ss : , 7. . hae ss 
‘ . " , , A ‘ . . 
y ‘uF ’ + . ea * is 2B = -_ oor . y ‘ jim. me ¢ “ea .“.  \ 
a’ ‘ i ‘ f i & ‘ */eOoewehe A ») Pel. 5 ae Ut) a> | 1LTie€U we hae 
. . . ‘ . ‘ . ‘ . 
: or mr > ' more wr moat h 4 i ~~) - _y ocr an ie. awe re . woroec 7. ‘ — > | 
i 4 ‘ Jp m® ALC! if’ Ury ia tnod ani ne Ma AWwoUUWs 1014 yode cCveoead ‘ 2 ; ‘ 
; ‘ 
7 . " : ‘ " ' e* . , A . 
" a ‘+a “* yy or ¥ ‘> 7. ofrus > ’ + >+* moatkh-e l« ors. 77-h ne a ~ Aa? 
‘A ~ | i ¥ oe & PON a* rit ‘ OE vween the vw uf LOG . Vay - 6 .at ‘ = ‘ : . 
; . “as ‘ , ; . 1 : 
‘ ‘ ‘; al ae aa ‘ rar . ernaie fy Tt at =| ¥ yr OA ._C "Ao ay “a "eo 75 @F y° ‘ ¥ > > 
. “ my ‘ mm ‘ re - a» Phe Ais s rom iné par tm ice sia ai ai * saw v i Chae L ¢ rou ss aat 
els ~ re . ~ y ee yory ‘ > 7 _ . . . 4 + } 7+ . 
a ’ “4 7 4 ” mownr Cc one: nr , “er Ss) "OY ’ ol SER 2 ¢ 
, 1 nfirms the known noncorrespondence between the results 
~s na _ "al . ~» *hpe a } “a “ | +) 7 
. . . ¥ . —- ~ . } - 
> ‘ mse ad ys > , ss vii one liana, in - Ne - _ 
. ‘ * 
~oatrtin moat) y +he other Table . L: re foaranrec + ye y 
. ‘ s , ad ~ ‘ ‘~~ + . , ~~ * ,. . » * s se re * 04 @ 
, = * * 
‘ »j 
7... —< - 
i.¢* 
- . "FD DRACT ‘ co? RRINTTY r* Tee A ~ 9s Se © 4 ae - ““- - 7.) Ae 
“ ; i ‘ “ = s be be " » 
‘ at « “em as " 7. se mat m» wads a! eth ah 4 ‘ ‘ ‘2 ‘ ‘ 
‘ * ‘ , are _-- *** Ceean . — ‘ * . > . . - 
~ 4 4 pe pe - > “aT 7 
. S > i * ee a* ? se ’ - +. ‘ ‘ 
: > a 4 ‘ . — 
, _ , ra” ,* , ‘ mr _ i 
‘ ‘ ~ , " es 
.* “+ . - a+* ‘* , ee . ‘ . . 
. ‘* . ‘ A *? 7 74 ‘ y .* ~ss¢ r+ A — —_ ~-an > 
’ . PV .taaitar ‘ ’ i sa ; Serr’ is 
. . a ¥ > ste ‘ 4 » / a 
. " “-—- ‘ a » : > ‘* 
, a . ‘ "Soe . _* - . . 7 
‘ . ‘ ‘ * ‘ hu , UP ~ &* > \ “ 
= hl ? 
.** ~. -s ‘ . . 
" rTrarc? rine ? © jlea? ‘iye on? -*nHe . “\Aearyvatar vv : + AY 
‘ aa ; s ~ a> FN “* ‘ ~ s ue ‘ , ~ w ‘ 
* . 7, > . . . , 4 . > 
. ‘ ; 4 ‘ , sees ‘ + 4 +ay , s4¢ + «~ . 
’ } i ‘ pre 2 iaVil on Ca : a4 Lad . 4 = 
- | , . ye » ‘*. > “* _“_o - : ‘yYoanc se ~~ , y* ‘ > , a P ry _" 
‘ ‘ Ae . w ‘ aye! . ‘ mae - — 4 ~_—_* je - - 
~*+ 5 re > . ‘* ac a .+ » tee rN - +ne -T\ ~* ra ‘ora «* a 7 _- - Qe 
¥ “wo > 4 ay J ~ » & > ‘ " 
. , ~ . 
, ; - _* ¥ -*rhD Te . ro . _— ; ? alt ‘ ‘ ‘ > » 
‘ ‘ faa wi , ‘ > . ‘ ‘ r ‘ ._ 
; . ‘ tt. . 
_* - . .* , , - . > ad ” rg ate . Pe a ¥ - rie ro “pe 
‘ ‘ aa . -s . iV ‘ ?' i A ‘ 
* ‘ . . . . . ’ 
. ‘ ‘ . "~ —* . roel at oawraads 9 ‘om > ‘or . ‘ "A or * > 
‘ + ‘ » > ‘ . L - - - ’ ss ’ ‘ 
. tt + . * » 
- oe as ,or . > Q o°rca% . > > P >, -~ r<- ad - . > an ’ 5 
. ‘ s ae “ sa a . 
. : ) ~ sy . . . 
+ ° ‘ *) ¥ .¥ . ° ‘ane ‘ o- ~ if > . . Fo’ -- 16* ane . . ” 
‘ : i A " id ‘ ‘ 4 > 
’ Vo. ee . “360% . me. +h eo i ot = 6 . , . ~ ~paa 4 + + . + 
‘ —* . “ c " >. A “ 
. . . . 
‘ . - > ; » . . = > » | ° _ ar ; > re ort | of 4 — a > . 
. ‘ ‘ - as »* - ~ > - ‘ " G . ¥ ‘ “ 
> ‘ » _— ‘ we ag +h - ; -o -¢ _* > imwrr 6 : . » a-*a 
. * . > ‘ ‘ a a " 
. - ‘ ; 7 . 7. iw rea + — . ° . — ° ~ -_ 
> * s-* . * : . , > sie 
. % . 4 , " . ’ > roc Om? Pos ’ ws _ ’ ay > . . 
‘ s 4 ‘ > 
. : * : ‘“o,r ? i ° ne? ," - ? a , . 
= . 4 . . + * _ 
‘ . ’ 9 oe ; . > — » + eo ‘ ‘ ° Pe . = 
- " i : a A Wa ~ 4 : . 
: ’ ° ; ’ : , _~ > 4 _- - + 7 di 
> * 
- + > re sig ‘or > ‘ + ; ° > . 
‘ ‘ . 4 > — . . 
; + . . . > Tt - he > ‘ _*-* ¥ . 
‘ . ee>me sc ‘ . - . , . 
: : : + » . a wer . . . ‘ wy , > - ‘ —T 
. ‘ : * > mY - 
° - . oo . ¥ . ™ , »- + > ‘ . ._* 
. ‘ " 
~* ‘ — ° . — - “~e + ‘ 2 ‘ 
> * ° 7 > - ” 








* 5 . ‘ . " : . 
*, : " » ‘ .* ‘TS “oO , . r a(rayre > ,¥ ‘ 7. ‘re * » ¥ 15 «5 an . “Arn nmr wef 5 Aw 
‘ i ‘ As vt re ss . Ah; Lay € rs Ol maa re 1ot ‘ vurt »\se Vl a . a’ oe @! L as 








. ‘ \ 
' 
. . * la ma rey ‘ . . . 
. inf > rmre ve oe oc ‘ a) ran” ? | y ‘ ‘ownr ‘ << ‘5 > +e ‘ 
‘ » 4 ‘ AtiC T€ Loe hy . , a or oP 5 —_<y . r¢ se i; Wea! uric ‘ tui. SF 
. . . . . ‘ . . . 
‘ , a ’ ’ ‘rpAacant > ye? L1iCY l : eawused wer nat) ineree seg at r sont rot ~y - 
i i i * A i>» & ee / ~ 4U5 s wy sit had ‘ Pha ss * » - si 
. . . — . - . . 
. " » + hh + my *.. .. Yo ros vo + on a . ~* ay . na5 + ¥ aan =| wrirac? 
‘ [ . . ss  ? © c : l} \ ,. ~ xygen 2 * - A -* it i... * Tis . as 1€ * ‘ .— 
. > . _* - -*rheaw, : ‘ ming nee ohe € sem i 74 4 yr » ¢ 2 <4 +) oy YOK ‘ro Ff »4 ¢ , ac 
‘ eae ‘ + . ahaa i! - ( a ~ bikes US ACA ~~ wa sa As @ 4 ‘ s . - - 
" . . .) | . 
“ > . *"" «Ff | + 7 ay _* .¥ > * ‘ ~, *y, +. 
Ss r more LVUT AIS tran sport Oi SUSVENGeA MA er i 2 m, ie S 
, ~ + > ay “+ + on +oFY res » 4 oe + ’ mows - [+ - cat? line 714 OSS aside 
~ i ‘ : ‘ = 7 + s ‘ S535i0n ana s ans - ‘ w wo ins Ae A . 
> . . . , . wn are . ’ . ‘ . 
" ¥ . 7.4 “* ¥ : - » wi) d s* (ce a “FF 4 , acer 4 we re +*- ¥ oie atk 
| ni _rculation in the TINRO depression with ascending movements in it: 
> “4 ray, 4 ) . [own 2 1s . nw > settli - ra . “nar TT. we ++ oy ne ~mane > ¥ an 
‘ ee ' a4 + hbad ‘ ‘ he = oe SS er: ‘ . an we) s s Oot « Se] . & aa sae Ws 
s . ‘ — “~ 
- : roe , ‘ ma ‘ lusy ’ th ae an | - — > “oc ~* me , ,c ~* a . 
Lv ilready persisted for many tens of millions of years. The 
. . . . . ‘ . . ‘ ‘ . . 
ov . ¥ woe *y ‘ * ss yer ‘ ~* we Yr ” ,*F sroearan* 25 ee 5S Ae ~ + - here war _45Ae) 
‘ mad as | A ad -~ se vy ext 7 ain mari’ mal Ler Ayvyviv O Wa & Ve sat Mee Lillie A 
> on ‘ - . . - rT wh ianrs, . -ion . ‘ y i oh) «* -_ +oare ~+ ir ~— arec ion a) y . ImAY wares aA 
‘ Aa . ‘ » mate * 4 | ‘ ~ » | a4 & im, ‘sear 4 . aad az te ' ‘ + se ; - —_ 
+ - + ae 3 72 » < + «~ Howev _> » 5 ‘ lave 2s . ‘4 ire .A AAR Fane ra + - ~ 
" | eae s ‘maw Vee ‘a vc I . sat Oey - * LnNec? aot a ‘ 1LiAONn 
. ‘ . ‘ss * . .. . . . ‘ nT . 
‘ wt 4 9 thea "nn &’ aa <4 $+ «> ‘ _* a+ » 4 ehinge 4 +he = lay ~ 
‘ r 4 4 saw A Risa S , AVLLLVY Ol 1e¢ ae  * cs » m@wesidaia? in aif m mat © i ré oe 
» » os * ™ » ‘ c ‘se 
i , renees: iS. in. 








TERRESTRIAL GFOPHYSTICS 
a NRO. AAW Seis bee & 








7 Yau Son 2] ‘in j 
. J . rv @ 

a * ~~ © wwe ree - ~* “mar “+ rmmanraraem ‘py mT / wr \ FRE TTD !NwrVv CODWVTCOWUALND ‘Ff rary*; -o Dbateahoue 

. " . . “ . . f\ ; » ~ y \ “< ) 
Aas maid ) ‘ ats i « » WAL Jia" TION OF ri 7 baat a he a tT. Aah Livi r 4 add was 
er weer . 

— 4 

** , " * ) 


ye Arr - ‘ ; ie: P >. . . ? oP 

lovosibirsk GEOQLOGIYA rHOFIZIKA in Russian No 4, Apr 62 
. . , } \ 2 

~ar ayo, received tT, BO DD 1 13-106 


} 


: 2 : ~ . ot a . 4+ + o , 
i TLA ‘ te Fey . in . ientific Research Institute of Geology, 


| .* o sef{atlea ar . 
neral Raw Materials, Novosibirsk 


. , , , ; ars . , ie Se 
Adstract In vibroseismic reconnaissance methods the duration of continuou: 











7. * " . ‘ . . + ~ . +1 oe _ 
. ‘ - » _* > bh ._* ~n 4 . | ens 70310 “a ayvrereaana -~ KD > ye Trea i “a ~~ *¢ ne ih . 
raqgdia s ‘ {- =‘ . ia‘ i nal uSUal J eACeCCUS Wa LUrPavel Cli Wa waa uS@i Us 
‘ma VWe > "¥ any toe te ¢ nterferer os 3 or 4 ryvenc wt r mhear ~ +" Yyy* _— 
»* . ‘ ~- A i _* ae A sive : as - ° " » ‘ aaa * ‘ 4 
~RaA way + wee nc + > } * ye field eannot he internrete ™ 2e 
SU aa’ ee . Wa SS & Ve ann ‘ ?eear 4 s L* ‘ 
— 2. . ‘ 9 . +4 . -* . . 
~*~ -* KS ‘ "e's —. >+* . 7 plex an al me 1 Lem Ln add ann oale me: ~y set nawrv 
‘ s- > ’ hae  % + s* i le . s* as A... & Ww & Wwe / " Am aatee oF 
. . 
“we a ” ¥ 
. s Ae . ms 
“* 9 - eo . 
oe J «, — a4 
‘ io 
ad - ‘ 
ad 4 i a 
4 
‘eryn” ’ ~ 
> “> an > * ~ or 
» ‘ : . 
amntita + ° 
‘ - - 
rar _* . “—t ‘ 
‘ . : . a 
. : “oF a a 
“ _ * > see 
~~ . 
- ” rw “a 
‘ ‘ 
° > 4 . 
“a . » es 
‘ 4 . 
, . , ~~ > 
‘ s* 
> an ¥ 
i 4 ‘ 4 
™ *», : . 
. ‘ 
.* _* . . <* _* 
. . + > ’ . 








*}- * > - . . ‘ft were LAT,” ~- . “ v wry CT, rote ” “F fh , . a ae? NATO’ rrp a | ’? DT armrvTr “TAT 
fA { att onda 2 ‘ Ya RROSEIS AT - w/w A 7.Y add Pv. iV d& we hua i/\ a Lata ¥ & ots fia NAL 
aie meidiial saci Gone 
é 7] aii 
—_— 7, oo Ala’ “te ° _—— oT , . ™ . ‘ ay ‘ - Q 
Or irsk GEOLOGIYA I GEOFIZIKA in Russian No 4, Apr 0. 
. ‘ . oO lo \ ‘ } 
manuserit received 4 { ct 2 ) DD 49-94 
‘ ‘ ‘ ’ 
T P - | . . . ce 3 ~_- 4 ry + 
15 «se Le, Institute of Geology and Geophysics, Siberian Department, 
USSR Academy of Sciences, Novosibirsk 
oeaae | Q ~ eT) Ae wf } : lane 7 oat am 4 - +4 } } 
t in Sechannel digital vibrational seismic station has been 
. AelnMrac 57 : siliat 4 : . ead 2 aeth 
leve lone siich ensures correlation accumulation and compression of vibro- 


7 T . °9 . 1, 4 _ , 

Signals file. It has now been tested for evaluating the 
maw _ li ay ~~. seh 5 A) A : ’ | 7 1 - . : 4 ; 74 
ixim listance at which correlation accumulation makes possible the reli- 


ible registry of regular waves excited by a vibrational source, especially 
the first arrivals of a longitudinal wave, for sample interpretation of 
reconstructed pulsed seismograms, for determining the absolute amplitudes of 
the primar -cillations reaching the seismic detectors at different distances 
‘rom ¢ xcitation point, for measuring accompanying microseisms and real 
mmunity of the vibroseismic method and apnnaratus and for finding some 
metrolorical characteristics of the instrument complex. The data used in the 
na i ‘e registered at distances of 20, 96, 170 and 286 km from the 
lations he vibrational source used had an amplitude of 


om 
fy 


~ + ; 4 - . . ° A Le + <4 
r ed in a frequency range 0-9 cps. At the mention 


‘ ye a . " nw ‘ ara 
. sa * ’ - » + > - ’ 
. ‘ , se 5 hk?) + A o . «4 } , - ~ + . . - +no 12 
t ; was LDol¢ register the waves mo: important for the deen 
inding method, especially those associated with the Conrad and 
. . . , . ~ . . * . 
vicic discontinuities. It has therefore been experimentally demon- 
* ene * ~-e > “a > _, . ‘ TL... se} a * ; vr an € vibr e 7! cw ; . a 4 "roe 7 - - ye Ae sry cai omit A ry a 4 
[ : rat iv 4 ad 4 nm oO] Vioroselsmi< Se F'4et- Se. 1 OY ueet > hiss 4 SOuUnG-= 
rp wr ’ reac ‘ eel T ~ cat la + _ . +) ; lay a + 
OY iures is feasible. It was possible to measure the absolute values of 
+ amr ’ + . . . ~ + ywime Fr scr . ll t . ~ | > NE moar cmeiarea » | vel ~t mI Arr 
umplitude: primary oscillations and the mean square lev of micro- 
" _ , + ‘ AL _ vn } -* +) + #55) ~- } + } 33+ 7f) ) ; 
a ( uppears that a level o syne useful signal of abcut lO-< is 


. . ‘ ‘ . ~ ‘ — . . . . 
‘ o me. * v an > a a _* > . > > Acasdzhkh 5 “Fr ~* (_*- «- sc, enroumts wr ie ¥ ,. AA TIM. lO 
; LA As M4 i i ; ec ‘ Lhe DOSS 1 l Lty Ja i : ass i « ina Lon 4 A muUuLa= 
‘ . 4 ro.) 2 . ro) " . . a + 
¥ vy P rrrs . we . .) < re . >» ~ ye | 7-bhe chea* om Y allan bh hk ate ei aotes “I rae | 
‘  ¥ ‘ ‘ : " Li V il lt si Ale i oeis ia’ wo? \/ he a eo re ~* 
. " . . . ‘* 
+ ‘ ~~ 
" a oy , (“oo . A48ec a4 r wr. > a ae 
. ‘ iad ‘ ‘ . Antes lan, " 2 € » aa 
. * he é 
. . - 7 * - ae? a | rena ‘ . 
; ‘ m4 A . 
_* ‘ . . 
¥ " ce ¥ a a - 
ind *' As s , — «6 » 4 
’ ‘ . , “F 1 ~< 
i ‘ 4 " » > 
z . .* - .* 
‘ , ‘ Fr aT ‘ ‘ mnrmtire a rg aed “* omar? ~~ On * 
. ° . . : s . ~* ; . 
, y 
. i 
; - . -* ‘ + - + 
»y =) *Y¥ ie . "oF ed ’ ‘ “ay 
: “ 
. . ~ 
° ° ’ _* + , sy ’ "yy ‘5 vs ° ‘ .* ¥ - a. toe - > ‘ Je 
“a > ~*»A sa - - 4 > AA . 








made of the conditions for maximum image brightness in the case of D- and M- 
transformation, regulated directional reception, and also as a result of sum- 
mation in the common shot point method. The author has derived an expression 
for the apparent seismic velocity at which such a maximum exists. In the 
‘ase of a Detransformation this apparent velocity coincides with the true 
value only for a point object, whereas for a plane object it is less by a 
factor of Ve. It is noted that for the mentioned tynes of transformations th 
appearance of spurious images is possible; these spurious images can be 
excluded by the introduction of additional observation systems. It is shown 
that the properties of seismoholographic transformations can be convenient] 
examined in a two-dimensional variant for a cylindrical test object. The 
execution of these transformations on a computer makes it possible, depending 
nm the ratio of the computed and true values of the velocities of seismic 
waves, either to obtain the true image of the object or focus it a point. 
aith a finite wavelength the focused image will assume the form of a spot 
approximately with the dimensions of the wavelength; this can be effective 
when discriminating the useful signal from noise, especially when using 
additional transformation for restoration of the true form of the record. 
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processes of the development and relaxation of the electret effect. A 
decrease in resistivity observed during electrification and for some t 
edie’ its ending is attributable to the freeing of some of the poorly bound 
charge carriers during the formation and relaxation of residual polarization 
in the volume of the sample. Manifestations of an increase in resistivity are 
attributable to the appearance and development of layers impoverished with 
free charge carriers. A decrease in resistivity in the course of several 
hours after ending of electrification, subsequent increase in the course of 
several tens of hours to levels greatly exceeding the initial levels. and 
subsequent decrease over the course of hundreds of hours have been observed 
in different rocks both as a result of friction and destruction, including in 
moisture-saturated samples. This effect can be of importance as a possible 
cause of baylike changes in the resistivity of rocks accompanying earthcuakes. 
Figures 4; references 4: 3 Russian, 1 Western. 
[34-5303] 
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PEYSICAL MODEL OF FOCI OF DEEP-FOCUS EARTHQUAKES 
Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ZEYLI in Fussian No 8, Aug $2 
(‘manuscript received 29 Mar 82) pp 3-12 


= 


KALININ, A. and RODKIN, M. V., Institute of Physics o* Earth imeni 


O. Yu. Laie, USSP Academy of Sciences 


[Abstract] The authors propose a new model of the foci of deep-focus earth- 
quakes based on the rheological properties of matter observed during voly- 
orphous transitions and on seismological data. The earthquakes considered 
are concentrated near depths of 350 and 600 km. In developing the focal 
model a ctudy was made of a macroscopic body in an inhomogeneous field of 
nonhydrostatic co, T conditions. It is assumed that an equilibrium boundary 
passes within the body and this boundary separates two polymorphous modifica- 
tions from one another. Only relatively small shearing stresses are opersa- 
tive alone *his boundary. When there is an adecuately high temperature of 
the body, when the polymorphous transition is not retarded, a chance in the 


netew 2 &«, 


so, T conditions causes a quasiequilibrium movement of the phase discontinuity. 
With movement of the soundary the shearing stresses acting on it will be 
removed by plastic flow along the boundary. The gradual redistribution of 
ctresses occurring in this process cannot cause an earthquake. On the other 
hand, if the temperature of the body is low a chance inc, T conditions can 
result in the separation of the equilibrium phase boundary “rom the boundary 
really senaratine the volymorphous modifications from one another. When one 
of the two modifications is in the region of thermodynamic stability of the 
other--it becomes metastable. As long as there is no restructuring of the 
crystal lattice in the metastable phase, the shearing stresses in it persis 
With a definite distance of the boundaries from one another in the metastab 
phase there is a sudden wolymorphous transformation. In the short time of 
the phase transition the region occupied by the metastable phase is attenusted 
and the shearing stresses acting on it will be removed by a shearing alone 


*- 


the phase boundary. This shearing is the source of an earthquake. With a 
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further change in o, T conditions the metastable phase is reformed and condi- 
tions arise for the occurrence of the next earthquake. The model ties in 
deep-focus earthquakes and polymorphous transitions in the mantle, explains 

the shearing nature of movements in the focus and explains the reason for the 
smallness of the stresses released during an earthquake. As explained in the 
article, it also reveals the existence of a critical rate of sinking of the 
lithospheric plate determining the possibility of the occurrence of deep-focus 
earthquakes in it. Figures 2, tables 1; 60 references: 29 Russian, 31 Western. 


[ 38-5303] 


UDC 550. 34.016 


EARTHQUAKE FOCAL MECHANISM AND STRESSED STATE OF IRANIAN PLATFORM 


Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ZEMLI in Russian No 8, Aug 82 
(manuscript received 12 Nov 81) pp 20-28 


ANNAORAZLOVA, T. A., Institute of Physics of Earth imeni 0. Yu. Shmidt, 
USSR Academy of Sciences 


[Abstract] A stuay was made of the relationship between the focal mechanism 
and stressed state of the Iranian platform and tectonic processes transpiring 
in this region. According to the concepts of the new global tectonics, the 
boundaries of the Iranian platform coincide with the strike of the principal 
faults. It has been further assumed that the seismicity and focal parameters 
of Iranian earthquakes are determined by movement of the Iranian platform 
relative to the Turan platform (which is assumed to be fixed). The Iranian 
platform has a complex tectonic structure, earthquake epicenters being 
situated primarily near its boundaries, but not in a narrow zone--instead in 

a wide band, suggesting that the boundary between the plates is not determined 
by individual faults, but by entire systems of faults. The author determined 
the focal mechanisms of 40 earthquakes on the Iranian platform with magnitudes 
M> 5 during the period 1973-1978 (the results of these determinations are 
presented in Table 1 and in Fig. 1). It is shown that compressional and 
dilatational stresses have maintained for the most part a near-horizontal 
orientation and accordingly the principal type of focal movement has been dis- 
placements along steep discontinuities oriented at different angles to the 
main faults. In some places there has been a reorientation of the axes of 
the dilatating and intermediate stresses in the vertical plane perpendicular 
to the axis of stable horizontal compression. Such a reorientation is pos- 
sible only under conditions of a stressed state of uniaxial compression 

caused by a geologically prolonged process of relative movement of the Iranian 
platform which is manifested in a stabiiity of the direction of the compres- 
sional axes in the focal mechanism of earthquakes in a particular region. 

The mapped patterns of orientation of discontinuities and displacements at 

the foci of strong (M > 5.5) earthquakes in different parts of the Iranian 
platform make it possible to assume that the movement of the platform is 
directed to the NNE (in an azimuth 0°-20°). ‘The forces of horizontal compres- 
sion in the Lut zone (discussed here in particular detail) are oriented in a 
NE direction (in an azimuth of about 50°). Figures 3, tables 2; references 8: 


3 Russian, 5 Western. 
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UDC 550. 34.063 


TEMPORAL STABILITY IN PREDICTION OF SITES OF STRONG EARTHQUAKES. I. 
SOUTHEASTERN EUROPE AND ASIA MINOR 


Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ZEMLI in Russian No 8, Aug 82 
(manuscript received 20 May 81) pp 13-19 


SVISHIANI, A. D., Institute of Physics of Earth imeni 0. Yu. Shmidt, USSP 
Academy of Sciences 


[Abstract] This article is a logical continuation of a series of studies on 
the theme "recognition of sites of possible occurrence of strong earthquakes” 
(in particular, in VYCHISLITEL'NAYA SEYSMOLOGIYA, Nos 6, 7, 8, 9, 10, 11, 13, 
1973-1980) in which a solution was obtained for predicting the sites of 
epicenters of earthquakes with a magnitude M>Mp, this solution being obtained 
for the problem of classification of a finite set of objects W which usually 
consists of disjunctive nodes or the intersections of morphostructural 
lineaments. The discretization and coding of the observable parameters of 
the objects w&W makes it possible to represent these objects in the form of 
inary vectors. This in turn makes it possible to apply classification 
algorithms with teaching for the binary vectors to the problem. The materials 
presented here illustrate application of this method in a specific regional 
study. The author formulates the necessary requirement of temporal stability 
for prediction of the sites of such strong earthquakes. It is required that 
the prediction not change with a change in the initial data. A number of 
mathematical propositions are presented which make it possible to check catis- 
faction of this requirement. In the example considered it is demonstrated 
that the classifications of the intersections of lineaments in Southeast 
Europe and Asia Minor with respect to the possibility of the appearance of 
epicenters of earthquakes with M37.0 in *heir neighborhood is not dependent 
on the admissible change in teaching mat«rial with time. This is a further 
argument for regarding the mentioned classifications as a prediction of the 
sites of occurrence of strong earthquakes. (Also see: A. D. Grishiani, et al., 
"Validation of Results Prediction of Sites of Strong Earthquakes Obtained by 
Recognition Methods,” IZV. AN SSSR: FIZIKA ZEMLI, No 2, pp 21-36, 1981) 
References 14: 13 Russian, 1 Western. 
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PRECURSORS OF DESTRUCTION OF LARGE ROCK SAMPLE 


Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ZEMLI in Russian No 8, Aug 82 
(manuscript received 15 Dec 81) pp 29-43 


SOBOLEV, %. A., SEMERCHAN, A. A., SALOV, B. G., SHPETTSLER, Fh. A., 
SONDERGEL'D, K. Kh., BADANOV, V. N., KOL'TSOV, A. V., LOS', V. F., NASIMOV, 
R. M., PONOMAREV, A. V., STAKHOVSKIY, I. R., TERENT'YEV, V. A. and 
TURETSKIY, I. M., Institute of Physics of Earth imeni 0. Yu. Shmidt, 

USSR Academy of Sciences 

[Abstract} The authors made an investigation of the process of destruction 
of a large rock sample by employing six mechanical, acoustic and electric 
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methods. This involved use of a large number of sensors for registry of the 
fields of the corresponding parameters and their variations in time and space. 
To a certain degree an attempt was made to simulate observations of earth- 
quake precursors in seismically active regions, all on the assumption that 

an earthquake is a result of destruction of rock masses. It was found that 
during deformation and destruction the sample behaved as an essentially 
inhomogeneous medium. The scale of inhomogeneities detected by different 
methods was considerably greater than the grain size. Dilitancy zones appear 
as a result of progressive dilatation of soft sectors and are distributed 
nonuniformly in the sample. It was possible to produce zones of internal 
local destruction, a situation close to that observed during earthquakes. 
Zones of local destruction successively appear and disappear in the volume 
gample. Destruction of the entire sample comes about by accumulation of zones 
of local destruction. Considerable changes in different physical fields were 
registered prior to destruction of individual zones in the sample. Macro- 
destruction of a large sample does not occur suddenly and can be predicted. 
For the first time in the laboratory it was possible to detect long-lived 
(hours) anomalies of the electric potential of the sample surface preceding 
and accompanying internal destruction. During preparation for destruction in 
the fields of velocities of elastic weaves, deformation, resistivity and 
electric potential there is simultaneous appearance of anomalies of opposite 
signs so that study of the overall characteristics of the sample does not 
make it possible to discriminate the precursors of destruction. A "calm" in 
acoustic emission is observed prior to destruction. A large-scale inhomoge- 
nous sample can "remember" the magnitude of the preceding load, manifested in 
acoustic emission. With approach of macrodestruction of the sample the 
accuracy in determining the level of the preceding load on the basis of the 
appearance of acoustic emission decreases. Figures 8, tables 1; 

references 8: 4 Russian, 4 Western. 
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ACCURACY OF ATMOSPHERIC ACTINOMETRIC RADIOSONDE OBSERVATIONS 
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Vol 18, No 9, Sep 82 (manuscript received 30 Jun 81) pp 1000-1003 


KOSTYANOY, G. N. and KRASNOVA, T. M., Central Aerological Observatory 


(Abstract] The use of actinometric radiosondes became particularly important 
during the TROPEX-74 program. This made it essential to determine their 
accuracy characteristics, to determine the errors in ascending and descending 
fluxes of long-wave radiation in the free atmosphere at nighttime when using 
the ARZ-1 actinometric radiosonde. The initial studies made along these lines 
confirmed its accuracy, but a number of subsequent investigations suggested 
considerably zreater errors. In order to clarify this problem the authors 
carried out experiments in August 1976 at Ryl'sk. The main idea of this 
series of experiments is as follows. It is assumed that the theory of the 
ARZ-1 is true within the limits of change in the measured fluxes. Radiometers 
having the same theory as the ARZ-1 or based on the same assumptions and 
initial heat balance equations should give values of fluxes identical with the 
ARZ-1 in the case of paired launchings, despite a difference in the tempera- 
tures of the sensing surfaces. Three paired launchings (ARZ1N and ARZ2N) were 
carried out in 1976. The ARZ1N radiometer is a precise copy of the ARZ-1, but 
with a change in the processing method. During the time of one cycle of 
interrogation of temperat ires of the ARZ1N and ARZ2N sensing surfaces the 
probe travels 700-900 m az.i temperatures are interpolated to a single level. 
Tne ARZ2N consists of 2 ARZ 1 radiometers, for one of which the sensing sur- 
face is blackened, whereas the second is aluminized. A second series of 
paired launchings involved a comparison of the ARZ1N and ARZ2P. The ARZ2P 
radiometer consists of 2 single-plate ARZ1P radiometers, one surface of which 
is blackened, whereas the second is aluminized. The ARZ1P was assembled of 
APZ-1 parts and its theory is based on the same principles as for the ARZ-1l. 

A table gives the statistical characteristics of the differerces in ascending 
and descending fluxes for two of these paired ARZ1N-ARZ2P launchings. The 
paired ARZ1N-ARZ2N and ARZ1N-ARZ2P launchings confirm the estimates of the 
errors in determining the fluxes of long-wave radiation in the free setmosphere 
at nighttime obtained earlier by the authors for the ARZ-l. Figures 1, 

tables 4; references 17: 16 Russian, 1 Western. 
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COMMENT ON ATMOSPHERIC BAROCLINIC INSTABILITY 
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pp 995-997 - 
KORNYAK, V. V., Kuban State University 


[Abstract N. A. Phillips examined the phenomenon of baroclinic instability 
using a two-layer linearized quasigeostrophic model. It was postulated that 
the main flow, containing a vertical velocity shear, is strictly zonal. In 
that model for an increase in disturbances it is required that the vertical 
velocity shear exceeds some critical value. This means that for the develop- 
ment of instability the meridional temperature gradient must exceed the 
corresponding critical value. Later P. H. Stone (J. ATMOS. SCI., Vol 35, 

No 4, 1978) demonstrated that the observed mean temperature values never 
attained a critical value. For explaining this instability Stone proposed a 
baroclinic adjustment theory: baroclinic disturbances act in such a way as not 
to allow supercritical gradients. The author here proposes another possible 
explanation of this instability. It is noted that the Phillips computations 
were made under conditions of a collinearity of two unrelated vectors: 
horizontal temperature gradient and Coriolis parameter gradient, which is not 
the usual situation. Here it is assumed that the main flow, examined in the 
&-plane, is linear but has an arbitrary direction. This proposition is 
examined in detail. Two important expressions are derived: with satisfaction 
of inequality (9) there is a critical AU value below which stability is 
observed; if inequality (8) is satisfied, instability arises with an AU value 
different from zero[AU is the vertical velocity shear of the main flow!. It 
is shown that the most unstable disturbances are pulsations in the zonal 
direction. The disturbance wave travels in a meridional direction with a 
certain velocity--this is a transverse wave propagating in a meridional 
direction. The conclusions drawn in the article are applicable to baroclinic 
instability in the ocean. References 4: 2 Russian, 2 Western. 
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EDDY CURRENTS IN FLUID LAYER 


Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ATMOSFERY I OKEANA in Russian 
Vol 18, No 9, Sep 82 (manuscript received 8 Dec 80, after revision 8 Apr 81) 


pp 980-985 


ZAVOLZHENSKIY, M. V. 


[Abstract] During the movement of well-developed cloud layers in the atmos- 
phere or water masses in the ocean the lower and upper boundaries of the layer 
are exposed to different temperature conditions. Situations can arise when 
the lower boundary is warmer than the upper boundary. The stability of the 
position of equilibrium of such a layer is possible only in a case when the 
temperature in the thickness of the layer changes linearly and only with 
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small values of the temperature gradient. In this article it is demonstrated 
that a possible form of loss of stability of the equilibrium state of the 
considered layers of the nedium is an eddy current with a vertical axis whose 
hydrodynamic characteristics attenuate with an increase in distance from this 
axis. In the formulated problem clouds in the atmosphere (or the water mass 
in the ocean) are simulated by a layer of infinite horizontal extent consist- 
ing of a heavy viscous incompressible fluid conducting heat. The layer 
rotates with a constant angular velocity w' about a fixed axis. The ™' value 
characterizes the Coriolis parameter at the latitude of passage of the eddy. 
On this basis, using the Boussinesq equations, the author makes a detailed 
study of the spectral problem of loss of stability of the equilibrium state 
of such a rotating layer of a viscous fluid characterized by a temperature 
inversion. It is demonstrated that the loss of stability can occur in the 
form of eddy currents localized about the axis of rotation. Such currents 
simulate some properties of waterspouts, tornadoes and other eddies. 
References 5: 4 Russian, 1 Western. 
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BELOV, V. V., ZUYEV, V. Ye. ard KREKOV, G. M., Institute of Atmospheric 
Optics, Siberian Department, USSR Academy of Sciences 


[Abstract] Any synthesis of visibility systems must be preceded by a 
detailed analysis of the influence exerted on the image quality of objects not 
only by optical system design, but also by external conditions: sources of 
background and scattered radiation, limited registry conditions, emissive and 
reflective properties of observed objects and spectral, coherent and 
polarization characteristics of the short-wave radiation propagating from the 
object to the receiving system. In seeking to clarify this problem the 
authors discuss the results of investigation of the transformation of the 
frequency-contrast structure of the image of remote objects in a scheme for 
their observation through a scattering medium with increasing distance 
between the receiving system and the object plane. The described investiga- 
tions were made with the so-called line-system approach to solution of prob- 
lems in visibility theory by the Monte Carlo method. It was possible to 
ascertain the conditions for an extremal influence of the scattering medium 
on image quality of plane diffusely emitting (reflecting) objects. An inter- 
pretation of the derived dependences is proposed and the influence of the 
background of multiple scattering on line-system characteristics is evaluated. 
As indicated by the authors, the choice of the optimum value of the EH 
parameter ensuring the best conditions for the visibility of objects is 
dependent on the purpose of the observation and on energy threshold response 
and resolution of the image analyzer or recorder. The materials presented in 
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the article do much to explain the observed dependence of the image quality 
of objects on the position of the optical receiving system in schemes for 
high-altitude observation of the earth's surface. Figures 6; references 12: 
10 Russian, 2 Western. 
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pp 944-952 


YELANSKTY, N. F. and TEREKHIN, Yu. L., Institute of Atmospheric Physics 
USSR Academy of Sciences 


[Abstract] The determination of the vertical distribution of ozone by the 
Umkehr method still remains fundamental in investigating the ozonosphere due 
to its simplicity, relative ease and the possibility of obtaining data for 
altitudes unattainable for ozonosondes. The article examines the use of 
different methods for reconstructing the vertical ozone profile on the basis 
of observation of the Umkehr effect and an attempt is made to determine the 
most effective approach to this problem. A review of the most commonly 
employed methods for reconstructing the vertical ozone profile in the world 
network of ozonometric stations reveals that they are characterized by 
Significant shortcomings associated with imperfection in methods for finding 
stable solutions. Neither the least squares method nor the maximum probabil- 
ity method can be regarded as a reliable means for solving the Umkehr equa- 
tion. The Tikhonov regularization method with choice of the regularization 
parameter on the nonclosure principle is far preferable. The optimum regular- 
ization method as applicable to this problem is examined in detail. A measure 
of the error in the solution is formilated. The effectiveness of the method 
is illustrated by numerical computations in a closed scheme. In the example 
cited the vertical ozone profile was reconstructed with an entirely acceptable 
accuracy. The maximum deviations of the computed profile from a precise pro- 
file do not exceed 5%. With a stipulated error in the input data the relative 
error in the solution does not exceed 11%. The coincidence of the computed 
and precise profiles indicates that the method of reconstructing the ozone 
profile on the basis of the Umkehr effect can be highly effective. Figures 1; 
references 31: 18 Russian, 13 Western. 
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Yol 18, No 9, Sep 82 (manuscript received 16 Jul 81, after revision 23 Nov 81) 


pp 922-932 


LYUBOVTSEVA, Yu. S. and YASKOVICH, L. G., Institute of Atmospheric Physics, 
USSR Academy of Sciences 


[Abstract] It is now important to determine aerosol absorption a(A)in the 
visible part of the spectrum in relation to the problem of the increasing 
global contamination of the earth's atmosphere. The absorption of aerosol 
Samples was measured with an apparatus operating on the basis of a photometric 
sphere with a diffusely scattering BaSO), coating. The apparatus is intended 
for measuring the coefficients of aerosol samples in the range 0.25-0.8 um, 
collected on transparent or diffusely scattering backings. For the fractional 
analysis of the absorption spectra and their subsequent comparison with the 
integral values of the coefficient of aerosol absorption the samples must be 
collected with some type of impactor. In this study an analysis was made of 
the absorption spectra of aerosol samples collected during two summer seasons 
under pure natural conditions at Abastumani in mountains at an elevation of 
about 2000 m during 1978 and 1979. During 1978 five-stage impactors were 
used; in 1979--two-stage impactors. In determining the coefficient of 

aerosol absorption a on the basis of measurements of light absorption by a 
sample it is necessary to relate the optical properties of the sample and the 
properties of individual aerosol particles suspended in the air. It was found 
that the coefficient of aerosol absorption at Abastumani varies from 0.096 to 
0.13 km71, which is several tens of times less than the coefficient of 

aerosol absorption in major industrial cities. Fractional analysis of the 
absorption spectra indicated that the maximum contribution to integral absorp- 
tion is from particles with a radius 0.16 uma<0.3 um. For the finely dis- 
perse aerosol fraction absorption in the visible region for the most part is 
determined by the presence of crystalline carbon in the particles; in the UV 
region absorption is determined by the presence of organic components. It is 
proposed that the visible region of the spectrum be used for evaluatine the 
mass concentration of soot on the basis of a(\) measurements. It was found 
that in the mountains, under pure natural conditions, the mass concentration 
of soot varies from 0.1 to 2.6 ug/m>, Figures 5, tables 2; references 17: 

7 Russian, 10 Western. 
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EQUILIBRIUM TEMPERATURES OF SELECTIVELY ABSORBING PLANETS 


Moscow IZVESTIYA AKADEMII NAUK SSSR: FIZIKA ATMOSFERY I OKEANA in Russian 
Vol 18, No 9, Sep 32 (manuscript received 20 Oct 81) pp 916-921 


GINZBURG, A. S., Institute of Atmospheric Physics, USSR Academy of Sciences 


[Abstract! If the optical and thermodynamic properties of the atmosphere and 
the underlying layer of a planet are known, the temperature field is described 
by models of different complexity, using detailed data on the absortpion and 
reflection spectra or integral albedo and the atmospheric transmission func- 
tion. However, it is shown that qualitative evaluations of equilibrium 
temperatures can be obtained using simple models without detailed allowance 
for the spectrum. The author here examines the equilibrium temperature of a 
planetary -urface in the presence and absence of an atmosphere. Using a very 
simple model of the optical properties of the planet (the absorption coeffi- 
cient is equal to unity in the selected part of the spectrum and zero outside 
it) it is easy to describe the dependence of equilibrium temperature on the 
critical wavelength, atmospheric greenhouse and antigreenhouse effect. Using 
this approach it was possible to compile Table 1: Equilibrium Temperatures of 
the Gray Disk and Sphere of the Planets With Allowance for Albedo aid the 
Critical wavelength. Three different models of the planetary absorption 
spectrum are considered, for example, a planet whose surface is an ideally 
black body and whose atmosphere is a selectively absorbing homogeneous 
isothermic layer with an absorption coefficient equal to unity in part of the 
spectrum, whereas the remaining part is ideally transparent. Specific compu- 
tations are presented showing that a stepped model of the atmospheric absorp- 
tion spectrum gives correct estimates of the surface temperatures of the 
Earth and Mars. The optical properties of the earth's atmosphere and surface 
in the solar and thermal parts of the spectrum to a considerable degree com- 
pensate one another. On Mars the planetary albedo virtually compensates the 
atmospheric greenhouse effect. Figures 3, tables 2; references: 10 Russian. 
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GORCHAKOVA, I. A. and FEYGEL'SON, Ye. M., Institute of Atmospheric Physics, 
USSR Academy of Sciences 


[Abstract] A study was made of the influence of errors in measurements and 
computations of the fluxes of thermal radiation and errors in the measurement 
of initial data on the degree of comparability of computations and measure- 
ments. The analysis was based on 84 cases of actinometric radiosonde observa- 
tions made in cloudless weather over the tropical Atlantic on Soviet ships 

in the GATE (TROPEX-74) experiment. All conceivable sources of such 
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inconsistencies are examined in detail: errors in measuring fluxes, errors in 
computing fluxes, errors in measuring initial data used in computing the 
fluxes (temperature, humidity, emissivity of underlying surfice) and incom- 
leteness of the ovtical model of the atmosphere. It is clear that the sum 

* all these errors, together with additional allowance “or absorption by 
ozone, aerosol, minor gases and complexes of water vapor molecules, does not 
ensure a proper agreement of the computed and measured fluxes of descending 
radiation in the stratosphere and upper troposphere. The following are 
postulated, therefore, as the reasons for the observed difference between 
computations and measurements: 1) an enormous quantity of aerosol is con- 
centrated in the upper layers of the atmosphere, not in agreement with 
measurements of optical thickness determined from the sun; 2) with the low 
pressures in the high layers of the atmosphere it is necessary to take into 
account the change in the form of the lines and proceed frur integral computa- 
tions of the fluxes of descending radiation to svectral computations for 
individual lines: c) the error in actinometric radiosonde measurements of the 
hieh layers of the atmosphere must be greater than surmised. Figures 2, 
tables 12: references 24: 16 Russian, 8 Western. 
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‘manuscript received 7 May 82) pp 815-818 


POGORODSKIY, V¥. V., corresponding member, USSR Academy of Sciences, GUSEV, A.V. 
POLYAKOV, A. P. and YARTSEV, M. B., Arctic and Antarctic Scientific Research 
Institute, Leningrad 


e extremely low frequency range of the earth's electro- 
nar everal-hundreds cps) there are so-called Schumann resonances 
characteristic frequencies of the earth-ionosphere resonator) whose existence 
is caused by the presence of a waveguide between the earth and the ionosphere. 
The principal source of excitation is assumed to be vertical lightning dis- 
charges, but there has been no direct experimental evidence of this excitation 
mechanism for this frequency range; the picture is complicated, however, by 
some authors who attribute this phenomenon to cosmic sources. In order to 
clarify this problem the authors used measurements made on the "SP” drifting 
station in the spring and summer of 1979-1980. A cycle of discrete (At = 
3 hours) measurements of the Hy x.y and Ex, » components was made in the window 
of the first Schumann resonance (6-10 eps and representative statistics were 
obtained for the background characteristics of extremel: low frecuency of the 
electromagnetic field in the frequency range 0.5-100 cps. It was found that 
nance frequency is split into three sublevels. This character- 
tent with a model of a dipole source of the geomagnetic field 
of the resonator by global thunderstorm activity of the earth's 
equatorial zone. In the analyzed measurements 60-70% of the observed spectra 
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are indicative cf excitation by lightning, splitting is absent in 30-40% of 
the cases, and only a few cases correspond to a possibility of excitation by 
cosmic sources. However, it appears that in some cases both sources of 
resonator excitation introcuce approximately equal contributions to the total 
extremely low-frequency electromagnetic field. An additional tactor confirm- 
ing the presence of a source of excitation of magnetospheric origin could be 
an absence of a drift of the lateral branches of the triplet together with 
clearly defined shifts of the central branch. In any case the existence of 
& magnetospheric source of excitation of the earth-ionosphere waveguide is 
confirmed. Figures 3; references 7: 4 Russian, 3 Western. 
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PLILIPPOV, V. L., MAKAROV, A. S. and IVANOV, V. P. 


[Abstract] Various models already exist which make it possible to describe 
the spectral variation of atmospheric optical thickness in the transparency 
windows, but a common shortcoming of these models is that they have a static 
character, only reflect average conditions and do not take into account real 
fluctuations of atmospheric optical density associated with the variability 
of synoptic processes. This article gives a new approach to formulation of 
such a model of change in optical thickness in the transparency windows. The 
proposed model of optical state of the surface air is based on synthesis of 
the results of generalization of in situ optical experiments conducted under 
various weather conditions and largely free of the mentioned shortcomings. 
In constructing the aerosol block of this model the authors rely on an optimum 
cet of criteria for identifying the optical state of aerosol. The input 
parameters of the aerosol block are: meteorological range of visibility, 
relative humidity and air temperature; the parameters include a synoptic 
criterion: the position of the East European polar front relative to the 
region where the experiments are carried out (this characterizes the geo- 
craphical origin of the air mass). The described model embraces different 
states of optical weather, each of which is characterized by a set of input 
parameters, and most importantly, by a definite profile of the spectral 
dependence of the volume coefficients of aerosol attenuation a,. In general 
form the optical thickness in the windows of atmospheric transparency due to 
aerosol attenuation and continuum absorption of radiation by water vapor is 


described by the expression 
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This expression can be used in computations of radiation losses during propa- 
pation of radiation in the earth's atmosphere. The total error in the 
diagnosis of optical thickness by the proposed model is about 15-20%. Tables 
2; references 11: 9 Russian, 2 Western. 
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ZUYEV, V. Ye., academician, BELOV, V. V. and KREKOV, G. M., Institute of 
Atmospheric Optics, Siberian Department, USSR Academy of Sciences, Tomsk 


[Abstract] The application of methods for analysis of linear systems in the 
theory of visibility is one of the promising directions in development of this 
theory. This makes it possible to analyze the influence of a scattering 
medium on image quality in schemes for both passive and active observation of 
objects of any size and shape. The necessary allowance for the processes of 
absorption and scattering of radiation in the medium separating the object and 
receiving system is possible by one of the known methods in transfer theory. 
The most general results in the theory of visibility have been obtained by 
solving the transfer equation in a small-angle approximation. This article 
outlines a linear-systemic approach to problems in the theory of visibility 
for turbid media. The assumption has usually been made that the observation 
systems are invariant. The results of investigation of the influence of 
position of the scattering layer on the observation path on image cuality are 
reviewed on the assumption of such invariance. However, there are contradic- 
tions in these results and an effort is made here to resolve these inconsist- 
encies. An evaluation is made of the influence of noninvariance of the 
observation systems on the dependence of the linear-systemic characteri 
on the t parameter. Several numerical experiments were made by the Mon 
Carlo method. The computations were made for aperture-zeometrical and 
optical parameters of a scheme for observing diffusely radiating objects 
through 2a layer of a turbid medium. The results were obtained on the 
assumption that the observation system has circular symmetry. In the first 
stage of the experiments invariance was assumed; in the second stage non- 
invariance was assumed. The principal conclusion drawn on the basis of these 
experiments was that the image quality of objects is determined not only by 
the position of the scattering layer on the observation path, but also by the 
spatial spectrum of the object itself. For example, there is an improvement 
in the image quality of small objects with approach of the scattering layer to 
the detector. The results show that in some problems in the theory of 
visibility it is essential to take into account the noninvariance of observa- 
tion systems to shifting of a point source in the object plane. Figures 2; 
references: 19 Russian. 
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